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In the aftermath of the global financial crisis, the state of macroeconomic modeling and the use of 
macroeconomic models in policy analysis has come under heavy criticism. Macroeconomists in 
academia and policy institutions have been blamed for relying too much on a particular class of 
macroeconomic models. This paper proposes a comparative approach to macroeconomic policy 
analysis that is open to competing modeling paradigms. Macroeconomic model comparison projects 
have helped produce some very influential insights such as the Taylor rule. However, they have been 
infrequent and costly, because they require the input of many teams of researchers and multiple 
meetings to obtain a limited set of comparative findings. This paper provides a new approach that 
enables individual researchers to conduct model comparisons easily, frequently, at low cost and on a 
large scale. Using this approach a model archive is built that includes many well-known empirically 
estimated models that may be used for quantitative analysis of monetary and fiscal stabilization 
policies. A computational platform is created that allows straightforward comparisons of models’ 
implications. Its application is illustrated by comparing different monetary and fiscal policies across 
selected models. Researchers can easily include new models in the data base and compare the 
effects of novel extensions to established benchmarks thereby fostering a comparative instead of 
insular approach to model development. 
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Fiscal Policy, Model Comparison 1 Introduction
Theglobalﬁnancialcrisiscameasasurpriseto manypolicymakersandtheiradvisersaswellasmany
professionals including business forecasters, ﬁnancial advisors, bankers and researchers in ﬁnance
and macroeconomics. Media and other commentators have criticized macroeconomists in particular
for failing to predict the great recession of 2008-09 or at least failing to provide adequate warning
of the risk of such a recession ahead of time. Practitioners have attributed this failure to academic
and central bank researchers’ use of a particular modeling paradigm. They blame so-called dynamic
stochastic general equilibrium (DSGE) models for misdirecting their attention. Indeed, even some
well-known academics-cum-bloggers have published scathing commentaries on the current state of
macroeconomic modeling. In March 2009, Willem Buiter wrote " ... the typical graduate macroe-
conomics and monetary economics training received at Anglo-American universities during the past
30 years or so, may have set back by decades serious investigations of aggregate economic behavior
and economic policy-relevantunderstanding." He was echoed by Nobel Prize Winner Paul Krugman
in the Economist, June 2010, " Most work in macro-economics in the past 30 years has been useless
at best and harmful at worst." Of course, not all experts agree on this judgement as indicated, for
example, by the recent award of the Nobel Prize in 2011 to macroeconomists Thomas Sargent and
Christopher Sims for "their empirical research on cause and effect in the macroeconomy".
Against this background, the present paper aims to develop a more constructive proposal for
how to use macroeconomic modeling - whether state-of-the-art or 1970s-vintage - in practical pol-
icy design. In the spirit of the 1992 call by leading economists – among them Nobel prize winners
Paul Samuelson and Franco Modigliani – for a pluralistic yet rigorous economics, we propose a sys-
tematic comparative approach to macroeconomic modeling with the objective of identifying policy
recommendations that are robust to model uncertainty.1 This approach is open to a wide variety of
modeling paradigms. Scientiﬁc rigor demands a level-playing ﬁeld on which models can compete.
Instead of using rhetoric to dismiss competing approaches, models should be required to satisfy em-
pirical benchmarks. For example, models used for monetary policy analysis should be estimated to
ﬁt key time series such as output, inﬂation and nominal interest rates. Models should also be able to
provide answers to typical policymakers’ questions.
Macroeconomic data, however, are unlikely to provide sufﬁcient testing grounds for selecting a
single, preferred model for policy purposes. If many of the competing models describe historical
data of key aggregates reasonably well, one could use these models to establish robustness of policy
recommendations. Such an approach is recommended by McCallum (1988, 1999), Blanchard and
1The undersigned were concerned with "the threat to economic science posed by intellectual monopoly" and pleaded
for "a new spirit of pluralism in economics, involving critical conversation and tolerant communication between different
approaches". See the advertisement section of the American Economic Review - AEA Papers and Proceedings issue of
May 1992.
1Fischer(1989), Taylor (1999) and many others. McCallum (1999), for example, proposes "t os e a r c h
for a policy rule that possesses robustness in the sense of yielding reasonably desirable outcomes in
policy simulation experiments in a wide variety of models." 2 In 2010, ECB President Jean-Claude
Trichet expressed the need for robustness as follows:
"We need macroeconomic and ﬁnancial models to discipline and structure our judge-
mental analysis. How should such models evolve? The key lesson I would draw from our
experience is the danger of relying on a single tool, methodology or paradigm. Policy-
makers need to have input from various theoretical perspectivesand from a range of em-
pirical approaches. Open debate and a diversity of views must be cultivated - admittedly
not always an easy task in an institution such as a central bank. We do not need to throw
out our DSGE and asset-pricingmodels: ratherwe need to developcomplementarytools
to improve the robustness of our overall framework".3
Yet, systematic comparisons of the empirical implications of a large variety of available models
are rare. Evaluating the performance of different policies acrossmanymodels typically is work inten-
sive andcostly. The sevencomparison projects reported in Bryant, Henderson,Holtham, Hooper, and
Symansky(1988), Bryant, Currie, Frenkel, Masson,andPortes (1989), Klein (1991), Bryant, Hooper,
and Mann (1993), Taylor (1999), Hughes-Hallett and Wallis (2004) and Coenen, Erceg, Freed-
man, Furceri, Kumhof, Lalonde, Laxton, Linde, Mourougane, Muir, Mursula, de Resende, Roberts,
Roeger, Snudden, Trabandt, and in’t Veld (2012) have involved multiple teams of researchers, each
team working only with one or a smallsubsetof availablemodels. While these initiatives have helped
produce some very inﬂuential insights such as the Taylor rule,4 the range of systematic, comparative
ﬁndings has remained limited.
This paperprovidesa newcomparativeapproachto model-basedresearchandpolicyanalysisthat
enablesindividualresearchersto conductsystematicmodelcomparisonsandpolicyevaluationseasily
and at low cost. Following this approach it is straightforward to include new models and compare
their empirical and policy implications to a large number of established benchmarks.
We start by presenting a formal exposition of our approach to model comparison. A general
class of nonlinear dynamic stochastic macroeconomic models is augmented with a space of common
comparable variables, parameters and shocks. Augmenting models in this manner is a necessary pre-
condition for a systematic comparison of particular model characteristics. On this basis, common
2Taylor and Wieland (2011) follow this recommendation and investigate the policy implications of three well-known
models of the U.S. economy that are also made available in the data base presented in this paper.
3This quote is taken from a speech titled "Reﬂections on the nature of monetary policy non-standard measures and
ﬁnance theory" by Jean-Claude Trichet, then-President of the European Central Bank, on the occasion of the ECB Central
Banking Conference Frankfurt, 18 November 2010.
4Taylor (1993a) credits the comparison project summarized in Bryant et al. (1993) as the crucial testing ground for what
later became known as the Taylor rule.
2policy rules can be deﬁned as model input. Then we derive comparable objects that may be produced
as model output. These objects are deﬁned in terms of common variables, parameters and shocks.
Examples for such objects are impulse response functions, autocorrelation functions and uncondi-
tional distributions of key macroeconomic aggregates. An illustrative example with two well-known
small New Keynesian models is provided.
Next, we give a brief overview of the model archive that we have built. This data base includes
many well-known empirically-estimated macroeconomic models that may be used for quantitative
analysis of monetary and ﬁscal stabilization policies. There are many models of the United States
and euro area economies. Furthermore, the archive includes several multi-country models and open-
economy models of Canada, Chile and Brazil. Some of the models are fairly small and focus on
explaining output, inﬂation and interest rate dynamics (cf. Clarida, Gali, and Gertler (1999), Rotem-
berg and Woodford (1997), Fuhrer and Moore (1995b), McCallum and Nelson (1999), Coenen and
Wieland (2005) , etc.). Others are of medium scale and cover many key macroeconomic aggre-
gates (cf. Christiano, Eichenbaum, and Evans (2005), Coenen, Orphanides, and Wieland (2004),
Smets and Wouters (2003, 2007)). Some models in the data base are fairly large in scale such as the
Federal Reserve’s FRB-US model of Reifschneider, Tetlow, and Williams (1999), the model of the
G7 economies of Taylor (1993b) or the ECB’s Area-wide model of Dieppe, Kuester, and McAdam
(2005).
Most of the models can be classiﬁed as New Keynesian models because they incorporate ratio-
nal expectations, imperfect competition and wage or price rigidities. Many of these New-Keynesian
models fully incorporate recent advances in terms of microeconomic foundations. Such models are
often referred to as monetary business cycle models or monetary dynamic stochastic general equi-
librium (DSGE) models. Well-known examples of this class are models by Christiano et al. (2005),
Smets and Wouters (2003, 2007), Laxton and Pesenti (2003) and Adolfson, Laseen, Linde, and Vil-
lani (2007). In addition, we have included models that assign little role to forward-looking behavior
by economic agents (cf. the ECB’s ﬁrst area-wide model) or none at all (cf. Rudebuschand Svensson
(1999) and Orphanides (2003)).
We have created a computational platform that implements our approach to model comparison.
It allows users to solve structural models and conduct comparative analysis.5 Comparisons of im-
pulse response functions of common variables in response to common shocks, or of autocorrelation
functions of common variables in response to model-speciﬁc shocks, or of unconditional distribu-
tions of common variables are generated. It can also be used to conduct a systematic investigation
of policy rules across models. The platform admits nonlinear as well as linear models and allows for
perturbation-basedapproximationofnonlinearmodelswith forward-looking variablesaswellas two-
5The computational platform and model archive have been made publicly available online. The Macroeconomic Model
Database Release 1.2. can be downloaded from http://www.macromodelbase.com.
3point boundary value-based approximation.6 New models may easily be introduced and compared to
established benchmarks thereby fostering a comparative rather than insular approach to model build-
ing. New modeling approaches may offer more sophisticated explanations of the sources of the great
recession of 2008-09 and carry the promise of improved forecasting performance. This promise can
beputto the testbyapplyingtheapproachto forecastingcompetitionsin Wieland andWolters (2011).
Finally, the comparative approach to modeling and policy analysis is illustrated with several ex-
amples. We compare monetary and ﬁscal policy shocks under alternative monetary policy rules, and
investigate the predictions of different models and different policies for inﬂation and output persis-
tence. A detailed description of the model comparison software and of the models included in the
data base is provided in the appendices A and B, respectively.
2 A general approach to model comparison
Macroeconomic models differ in terms of modeling assumptions. They may include different eco-
nomic concepts and therefore different variables and parameters; they may use different policy rules;
and invariably they tend to use different notation and deﬁnitions of the same key macroeconomic ag-
gregates. As a consequence, model output is not directly comparable. In the following, we describe
formally how to augment any model in a way that renders comparison of policy implications across
models straightforward, while keeping the number of necessary modiﬁcations of the original models
at a minimum.
2.1 Augmenting models for the purpose of comparison
We start by introducing the notation for a general nonlinear macroeconomic model of the econ-
omy. The letter m is used to refer to a speciﬁc model considered in the comparison. Thus, m =
(1,2,3,...,M) will appearas a superscripton anyvariablesor parameters that are part of this model.7
These variables or parameters need not be comparable across models nor follow particular naming
conventions across models. Our notation regarding the vectors of model-speciﬁc variables, parame-
ters, and shocks is summarized in Table 1.
We distinguish two types of model equations, policy rules, which we denote by gm(.),a n dt h e
other equations and identities that make up the rest of the model, that we denote by fm(.).T h et w o
types of equations together determine the endogenous model variables, which are denoted by the
vector xm
t . The model variables are functions of each other, of model-speciﬁc shocks, [ m
t ηm
t ],a n d
6This software is written for MATLAB and utilizes DYNARE software for model solution. For further information on
DYNARE see Juillard (2001) and Juillard (1996).
7In the computational implementation m may be associated with a particular list of model names rather than a list of
numbers.
4Table 1: Model-Speciﬁc Variables, Parameters, Shocks and Equations
Notation Description
xm
t endogenousvariables in model m
x
m,g
t policy variables in model m (also included in xm
t )
ηm
t policy shocks in model m
 m
t other economic shocks in model m
gm(.) policy rules in model m
fm(.) other model equations in model m
γm policy rule parameters in model m
βm other economic parameters in model m
Σm covariance matrix of shocks in model m










t ,βm)] = 0 (2)
The superscript m refers to the original version of the respective model as supplied by its developers.
The model may include current values, lags and the expectation of leads of endogenous variables. In
equations (1) and (2) the lead- and lag-lengths are set to unity for notational convenience.8























In the following we refer to innovations interchangeably as shocks. Some model authors instead
differentiate between serially correlated economic shocks that are themselves functions of random
innovations. This practice does not prevent us from including such models in a comparison. The
serially correlated economic shocks of these authors would appear as elements of the vector of en-
dogenous variables xm
t and only their innovations would appear as shocks in our notation. Equation
(4) distinguishes the covariancematrices of policy shocks and other economic shocksas Σm
η and Σm
  .
The correlation of policy shocks and other shocks is typically assumed to be zero, Σm
η  =0 .
To compare the implications of different models, it is necessary to deﬁne a set of comparable
variables, shocks and parameters that will be in common to all models considered in the comparison
exercise. It is then possible to express policies in terms of particular parameters, variables and policy
8Further leads and lags can be accounted for by appropriately deﬁned auxiliary variables. Even so, our software imple-
mentation does not restrict the lead- and lag-lengths of participating models.
5shocks that are identical across models, and study the consequences of these policies for a set of en-
dogenousvariablesthat are deﬁnedin a comparablemanneracrossmodels. Our notation for common
endogenousvariables, policy instruments, policy shocks, policy rules and parameters is introduced in
Table 2.
Table 2: Comparable Common Variables, Parameters, Shocks and Equations
Notation Description
zt common variables in all models
z
g
t common policy variables in all models (also included in zt )
ηt common policy shocks in all models
g(.) common policy rules
γ common policy rule parameters
Any model that is meant to be included in a comparison ﬁrst has to be augmented with common
variables, parameters and shocks. Augmenting the model implies adding equations. These additional
equations serve to deﬁne the common variables in terms of model speciﬁc variables. We denote these
deﬁnitional equations or identities by hm(.). By their nature they are model-speciﬁc. A further step
is to replace the original model-speciﬁc policy rules with the common policy rules. All the other
equations, variables, parameters and shocks may be preserved in the original notation of the model
developers. As a result, the augmented model consists of three components: (i) the common policy
rules, g(.), expressed in terms of common variables, zt, policy shocks, ηt, and policy rule parame-
ters, γ; (ii) the model-speciﬁc deﬁnitions of common variables in terms of original model-speciﬁc
endogenous variables, hm(.), with parameters θm; (iii) the original set of model-speciﬁc equations
fm(.) that determine the endogenous variables. Thus, the augmented model may be represented as
follows:









t ,βm)] = 0 (7)
Models augmented in this manner can be used in comparison exercises. For example, it is possible to
compare the implications of a particular policy rule for the dynamic properties of those endogenous
variables that are deﬁned in a comparable manner across models. An advantage of this approach is
that it requires only a limited set of common elements. With regard to the remainder of the model
the original notation used by model authors can be left unchanged, in particular the variable names
and deﬁnitions of endogenousvariables, xm
t , the other economic shocks  m
t , the equations fm(.) with
model parameters βm and the covariance matrix of shocks Σm
  . The covariance matrix of policy
6shocks Ση may be treated as an element of the vector of policy parameters or may be constrained to
zero.
The essential step in introducing a new model in a comparison exercise is to deﬁne the common
variables in terms of model-speciﬁc variables. It involves setting up the additional equations, hm(.),
and determining the deﬁnitional parameters, θm. We illustrate this process with an example.
As i m p l ee x a m p l e








t ]  (8)
Thesevariablesarecharacterizedin Table 3. Theyareexpressedinpercentagedeviationsfrom steady
state values, because the example applies to linear models. The monetary policy instrument is the an-
Table 3: Comparable Common Variables
Notation Description
iz
t annualized quarterly money market rate
gz
t discretionary governmentpurchases (share in GDP)
πz
t year-on-year rate of inﬂation
pz
t annualized quarter-to-quarterrate of inﬂation
yz
t quarterly real GDP
qz
t quarterly output gap (dev. from ﬂex-price level)
nualized short-term money market rate in quarter t denoted by iz
t. The ﬁscal policy instrument is
deﬁnedas the componentof governmentpurchasesin the respectivemodelthat does not respond sys-
tematically to lagged endogenous variables. In Table 3 they are labeled "discretionary" government
purchases. Theyare expressedin terms of their sharein GDP and denotedby gz
t . Economicoutcomes
are measuredwith regard to inﬂation, real output and the output gap. πz
t denotesthe year-on-yearrate
of inﬂation, while pz
t refers to the annualized quarter-to-quarter rate of inﬂation. yz
t is quarterly real
GDP. qz
t refers to the output gap deﬁned as the difference between actual output and the level of
output that would be realized if the price level were ﬂexible.9
Next, we deﬁne common decision rules for monetary and ﬁscal policy makers. The monetary
policy rule serves to set the nominal interest rate, iz
t. It includes a systematic response to output and
inﬂation, deﬁnedin comparable terms, as well as a monetary policy shock. The ﬁscal rule determines
discretionary government spending, gz
t . It is simply deﬁned as the product of a random innovation
9The latterconcept ofpotential output is usedinwhichever waya particularmodel deﬁnes it. Another interestingexercise
would be tocompare different concepts of potential output and output gaps across models byintroducing additional common
variables.
















γ =[ γi γp γq γg ] (12)
Having deﬁned common variables, shocks and policy parameters, we proceed to consider two
small-scale New-Keynesian models for conducting a model comparison, m = {1,2}. One model is
taken from Clarida et al. (1999), (m =1refers to the model name NK_CGG99), while the other
one is from Woodford (2003) and based on Rotemberg and Woodford (1997), (m =2refers to
NK_RW97). These models are well-known benchmarks in the literature. We present the original
model equations as published by the authors and then show how to augment them appropriately for a
comparison exercise.
Table 4: Model 1 - The hybrid model of Clarida et al. (1999) (NK_CGG99)
Description Equations and Deﬁnitions
Original Model
variables x1




t =[ gt ut ] 
parameters β1 =[ ϕθφ ]  , γ1 =[ αγ π γx ] 
model equations
g1(.) it = α + γπ(πt − ¯ π)+γxxt
f1(.) xt = −ϕ(it − Etπt+1)+θxt−1 +( 1− θ)Etxt+1 + gt
... πt = λxt + φπt−1 +( 1− φ)βEtπt+1 + ut
Augmented Model
zt,η t,γ,g(.) as deﬁned by equations (8-12).












The Clarida et al. (1999) model is presented in Table 4. The model in the authors’ notation con-
sists of three equations: (i) a Phillips curve relating quarterly inﬂation, πt, to inﬂation expectations,
8past inﬂation, the output gap, xt, and a cost-push shock, ut; (ii) an IS equation relating the current
output gapto past and expectedfuture gaps, the expectedreal interest rate, it−Etπt+1, and a demand
shock, gt; (iii) and a policy rule relating the quarterly interest rate to inﬂation and the output gap.10
Clarida et al. (1999) call it the hybrid model because it involves forward- and backward-looking
elements in the Phillips and IS curves.
In the augmented version of the model the original policy rule is replaced with the common
rule, equation (9). The other equations from the original model, fm(.)=f1(.), remain unchanged.
The additional equations in the augmented model, hm(.,θm)=h1(.,θ1), provide the appropriate
deﬁnitions of common comparable variables in terms of model-speciﬁc variables. This model is
deﬁned in terms of the output gap relative to a variable called ﬂexible-price output without further
information on the deﬁnition of said variable. Thus, a comparable deﬁnition of the level of output
is not available in this model. Therefore, this model remains silent on the time series characteristics
of the level of output, yz
t, in the comparison exercise. It is important that a systematic approach to
model comparison identiﬁes such cases so as to avoid comparing apples and oranges. Furthermore,
the model does not explicitly include government spending. Therefore, it also remains silent with
regard to the common variable labeled discretionary or non-systematic government purchases, gz
t.
The Rotemberg and Woodford (1997) model is presented in Table 5. The version shown is the
linearized approximation of the original nonlinear model.11 There are some interesting differences
relative to the hybrid model of Clarida et al. (1999). The Rotemberg-Woodford model does not
exhibit endogenous persistence due to the inclusion of lagged inﬂation and output in the Phillips
and IS curves. Instead, however, it allows for persistence in the exogenous shocks. Furthermore, it
includes government spending, the natural real interest rate and the natural level of output explicitly.
The model in the notation of Woodford (2003) consists of eight equations12: (i) a policy rule setting
the nominal interest rate, ˆ it; (ii) a purely forward-looking Phillips curve equation that determines
quarterly inﬂation, πt; (iii) a forward-looking IS equation determining the quarterly output gap xt;
(iv) a deﬁnition of the natural rate of interest, ˆ rn
t ; (v,vi) deﬁnitions of serially correlated government
spending dynamics, gt, and cost-push shocks ut with random innovations,13  g,t and  u,t; (vii,viii)
and deﬁnitions of output, yt, and the natural level of output, yn
t .
In the augmented version of the model the original monetary policy rule is replaced with the
common rule, equation (9). The other equations from the original model, fm(.)=f2(.), remain un-
10These are equations 6.1, 6.2 and 7.1 in Clarida et al. (1999) respectively.
11Of course, the general notation regarding model augmentation in equations (1) to (7) allows for nonlinearities. Accord-
ingly, it is possible to augment a nonlinear version of the Rotemberg-Woodford model that is nested in equations (1) and (2)
for comparison purposes.
12See Woodford (2003), page 246-247, equations 1.12-1.14, 2.2-2.4.
13In the quantitative analysis we rely on estimates of the autoregressive parameters in the shock processes provided by
Adam and Billi (2006), while we obtained the structural parameters from Woodford (2003).
9Table 5: Model 2 - The New-Keynesian model of Woodford (2003) (NK_RW97)
Description Equations and Deﬁnitions
Original Model
variables x2
t =[ˆ it πt xt ˆ rn
t gt ut yt yn
t ] , x
2,g
t =[ ˆ it]
shocks  2
t =[  u,t ] η
2,g
t =[  g,t]
parameters β2 =[ βκσρ g ρu ω ]  , γ2 =[ φπ φx ¯ π ¯ x ] 
model equations
g2(.) ˆ it = ¯ it + φπ(πt − ¯ π)+
φx
4 (xt − ¯ x)
f2(.) πt = βEtπt+1 + κxt + ut
... xt = Etxt+1 − σ(ˆ it − Etπt+1 − ˆ rn
t )
... ˆ rn
t = σ−1[(gt − yn
t ) − Et(gt+1 − yn
t+1)]
... gt = ρggt−1 +  g,t
... ut = ρuut−1 +  u,t







zt,η t,γ,g(.) as deﬁned by equations (8-12).





t =4 ˆ it
... gz
t =  g,t
... πz







changed. Even so, the common ﬁscalrule for discretionary governmentpurchasesplays a meaningful
role in the augmented Rotemberg-Woodford model. The second equation among the additional equa-
tions of the augmented model, hm(.,θm)=h2(.,θ2), deﬁnes discretionary government purchases,
gz
t, in terms of the government spending innovation of the original model,  g,t. Furthermore, the
augmentedmodel deﬁnesthe level of output, yz
t, (in deviationfrom steady-state)as well as the output
gap, qz
t, among the common variables (see the ﬁfth and sixth equation in h2(.,θ2)).
2.2 Conducting a comparison
Given models augmented with common policy rules and comparable variables it is possible to con-
duct a proper comparison. It requires solving the augmentedmodels, constructing appropriateobjects
for comparison, and deﬁning a metric that quantiﬁes the differences of interest.
10Model solution.
A solution to the general nonlinear structural model augmented with common variables, that is
deﬁned by equations (5), (6) and (7), is obtained by solving out the expectations of future variables
conditional on the available information. This step requires an assumption of how expectations are
formed. So far, we have used the statistical expectation that is appropriate for models with rational
expectations. Solution methods for linear and nonlinear models with rational expectations are avail-
able and implemented in the computational platform provided with the paper. Most of the models in
the data base assume rational expectations. However, other assumptions regarding expectations for-
mation can also be admitted.14 Existence and uniqueness of equilibrium also need to be checked in
the solution step. In linear models the Blanchard-Kahn conditions provide the necessaryinformation.
In nonlinear models one may have to resort to search by means of numerical methods. The solution
of the structural model may then be expressed in terms of the following reduced-form equations:
zt = kz(zt−1,x m
t−1,η t,  m
t ,κ z) (13)
xm
t = kx(zt−1,x m
t−1,η t,  m
t ,κ x) (14)
Ifthestructuralmodelisnonlinear,thenthereduced-formequationswouldalsobenonlinear. (κz,κ x)
denote the reduced-form parameters, which are complex functions of the structural parameters, βm,
the policy parameters, γ, and the covariance matrix, Σm.
Nonlinearmodelsmaybesolvedapproximatelywithnumericalmethods,forexample,perturbation-
based, projection-based or two-point-boundary-value algorithms (see Judd (1998), Fair and Tay-
lor (1983), Collard and Juillard (2001)). Alternatively, the model may ﬁrst be linearized around a
deterministic steady state, either analytically as in the case of the Rotemberg-Woodford model of
the preceding section, or numerically. Then, the methods of Uhlig (1995) (generalized eigenvalue-
eigenvectorproblem), Klein (2000)(generalizedSchurdecomposition),Sims (2001)(QZ decomposi-
tion), Christiano (2002)(undeterminedcoefﬁcients)andothers maybe usedto solvethe linearsystem
of expectational difference equations.
In the remainder of this section we consider the linear ﬁrst-order approximation to the reduced
form solution of the augmented nonlinear model and show how it may be used to obtain particular
objects for comparison deﬁned in terms of comparable variables. The linear approximation to the



















14Examples would be the introduction of adaptive learning in the Smets and Wouters (2007) model by Slobodyan and
Wouters (2007), or a version of the FRB-US model with VAR-based expectations instead of rational expectations.
11where the reduced-form matrices Km(γ) and Dm(γ) are complicated functions of the structural pa-
rameters including the policy parameters, γ. We denote the dependenceon the other (model speciﬁc)
parameters βm with the subcript m.
Objects for comparison.
With the linear reduced form in hand one can derive particular objects for comparison, for ex-
ample, the dynamic response of a particular common variable (an element of z) to a policy shock
conditional on a certain policy rule. Impulse response functions describe the isolated effect of a sin-
gle shock on the dynamic system holding everything else constant. Formally, the impulse response
functions in period t + j to the common monetary policy shock ηi














where It is a vector of zeros that is augmented with a single entry equal to the size of the common
policy shock, for which the impulse response is computed. Using the ordering from equation (8) and
setting It(1) = −1, the sixth entry of IR1
t+j(γ;ηi) gives the impulse response of the output gap in
the ﬁrst model (NK_CGG99) to an unexpected reduction in the interest rate of 1 percentage point.
Similarly, the sixth entry of IR2
t+j(γ;ηi) gives the impulse response of the output gap in the second
model (NK_RW97) to the same type of shock.
It is then straightforward to compare the impulse responses of common variables to common
shocks across models and policy rules. Such a comparison provides interesting insights into the
transmission channels of monetary policy. We deﬁne a metric s that measures the distance between
two or more models for a given characteristic of economic time series like an impulse response
function. For example, the difference in the cumulative sum of the response of the output gap to a
monetarypolicyshockof-1percentforthemodelsNK_CGG99 (m =1 )andNK_RW97(m =2 )







The index lz counts the elements of the vector z of common variables. It serves as a reminder that
we can only compare the entries in the impulse responsevector for the common variables, but not the
model-speciﬁc variables. For the two models in the example we obtain a value of s(γ,6) = −0.0399
under the Taylor rule, that is when the policy parameters γ set the inﬂation reaction coefﬁcient to 1.5,
the output gap reaction to 0.5 and the coefﬁcient on the lagged interest rate to zero. This value of s
quantiﬁes the cumulative difference in the GDP impact of a monetary policy shock in the two models
whenthe centralbankis assumedto setinterest ratesaccordingto Taylor’srule following the shock.15
15Note, since the ﬂexible-price output or natural output level does not respond to a monetary shock by deﬁnition, the
12Other possible characteristics for comparison are unconditional variances and serial correlation
functions. The unconditional contemporaneous covariance matrix V m









The variance is deﬁned by the implicit expression V m
0 = KmV m
0 Km
  + DmΣmDm
  and is solved
for with an algorithm for Lyapunov equations. Given V m
0 the autocovariance matrices of ([zx m] )





Again, we can compute objects for comparison between models in terms of the unconditional
variance or the serial correlations and cross-correlations of common variables. Then, suitable metrics
for measuringthe distancebetweentwo or more modelsmay becalculated. Forexample,the absolute
difference of the unconditional variance for the two models given by:
ω = |V 1
0 (z) − V 2
0 (z)| (20)
The sixth entry on the diagonal of ω constitutes the difference of the unconditional variance of the
output gaps of the two simple New-Keynesian models considered. Its value is given by ω(6,6) =
10.7919.
It is straightforward to construct other metrics that measure differences between the models. In
section 4 of this paper, for example, we will also study autocorrelation functions of comparable
variables in different models of the U.S. economy.
3 A data base of macroeconomic models
Implementing the approach to model comparison outlined in the preceding section on a broader scale
requires an archive of benchmark models. Individual researchers may then expand this model data
basebyintroducingnewmodelsandconductingcomparativeanalysis. Thedatabasethatwehavecre-
ated includes many well-known empirically-estimated macroeconomic models. The 50 models im-
plementedintheMacroeconomicModelDataBaseandavailableonlineathttp://www.macromodelbase.com
as of October 2011 are summarized in Table 6. A more detailed overview of most of the models is
provided in appendix B. The data base may easily be expanded. The description of the model com-
parison software in Appendix A also includes a section explaining how to incorporate new models in
the data base and augment them with comparable variables.16
impact of this shock on the output gap, that is the deviation of output from the natural level, is the same as the impact of this
shock on the level of output in deviation from steady state.
16In the future, we hope to develop an interactive software that helps automate the process of including models that model
authors have already implemented in a MATLAB environment using DYNARE software for model solution.
13Currently, the data base includes many estimated and calibrated models of the United States and
euroareaeconomies. TherearealsomodelsoftheeconomiesofCanada,Chile, BrazilandHongkong.
Furthermore,thereareseveralmulti-countrymodelswhichcovertheeconomiesofJapan,Spain,Italy,
Germany, the United Kingdom and France in addition to the United States and the euro area.
Most but not all models could be classiﬁed as New Keynesian because they incorporate rational
expectations, imperfect competition and wage or price rigidities. All models are dynamic, stochastic,
economy-wide models. Only a subset of the models could be characterized as monetary business
cycle models where all behavioral equations are derived in a completely consistent manner from the
optimization problems of representative households and ﬁrms. Many authors use the term dynamic
stochastic general equilibrium (DSGE) models to refer to this particular class of models. Thus, our
data base offers interesting opportunities for comparing policy implications of this class of models
to a broader set of empirically estimated macroeconomic models. While most of the models assume
that market participants form rational, forward-looking expectations, we have also included some
models which assume little or no forward-looking behavior.17 In our view, comparative analysis of
these classes of models will be useful to evaluate recently voiced criticisms that the new models are
rendered invalid by the experience of the global ﬁnancial crisis.
The models are grouped in ﬁve categories in Table 6. The ﬁrst category includes small-scale
calibrated New Keynesian models such as the two models discussed in section 2. These models con-
centrate on explaining output, inﬂation and interest rate dynamics. Some of them are calibrated to
U.S. data. Most of these models are derived from microeconomic foundations in terms of optimizing
householdsand ﬁrms. There are models which expandon the simple model of Rotemberg and Wood-
ford discussed previously by including a foreign sector (Gali and Monacelli (2005)), money demand
and real balance effects (Ireland (2004)), labor market rigidities (Christoffel et al. (2009)) or ﬁnancial
frictions (Bernanke et al (1999)).
17For example, the models of Rudebusch and Svensson (1999) and Orphanides (2003) are essentially structural VAR
models with additional restrictions on some of the coefﬁcients. The ECB’s Area-Wide Model is a medium-size structural
model but with a relatively limited role for forward-looking behavior compared to the other structural, rational expectations
models in the data base.
14Table 6: MODELS AVAILABLE IN THE MACROECONOMIC MODEL DATABASE:R ELEASE 1.2.
OCTOBER 2011
1. SMALL CALIBRATED MODELS
1.1 NK_RW97 Rotemberg and Woodford (1997)
1.2 NK_LWW03 Levin et al. (2003)
1.3 NK_CGG99 Clarida et al. (1999)
1.4 NK_CGG02 Clarida et al. (2002)
1.5 NK_MCN99cr McCallum and Nelson (1999), (Calvo-Rotemberg model)
1.6 NK_IR04 Ireland (2004)
1.7 NK_BGG99 Bernanke et al. (1999)
1.8 NK_GM05 Gali and Monacelli (2005)
1.9 NK_GK09 Gertler and Karadi (2009)
1.10 NK_CK08 Christoffel and Kuester (2008)
1.11 NK_CKL09 Christoffel et al. (2009)
1.12 NK_RW06 Ravenna and Walsh (2006)
2. ESTIMATED US MODELS
2.1 US_FM95 Fuhrer and Moore (1995a)
2.2 US_OW98 Orphanides and Wieland (1998) equivalent to MSR model in Levin et al. (2003)
2.3 US_FRB03 Federal Reserve Board model linearized as in Levin et al. (2003)
2.4 US_FRB08 linearized by Brayton and Laubach (2008)
2.5 US_FRB08mx linearized by Brayton and Laubach (2008), (mixed expectations)
2.6 US_SW07 Smets and Wouters (2007)
2.7 US_ACELm Altig et al. (2005), (monetary policy shock)
US_ACELt Altig et al. (2005), (technology shocks)
US_ACELswm no cost channel as in Taylor and Wieland (2011) (mon. pol. shock)
US_ACELswt no cost channel as in Taylor and Wieland (2011) (tech. shocks)
2.8 US_NFED08 based on Edge et al. (2008), version used for estimation in
Wieland and Wolters (2011)
2.9 US_RS99 Rudebusch and Svensson (1999)
2.10 US_OR03 Orphanides (2003)
2.11 US_PM08 IMF projection model US, Carabenciov et al. (2008)
2.12 US_PM08ﬂ IMF projection model US (ﬁnancial linkages), Carabenciov et al. (2008)
2.13 US_DG08 DeGraeve (2008)
2.14 US_CD08 Christensen and Dib (2008)
2.15 US_IAC05 Iacoviello (2005)
2.16 US_MR07 Mankiw and Reis (2007)
2.17 US_RA07 Rabanal (2007)
2.18 US_CCTW10 Smets and Wouters (2007) model with rule-of-thumb consumers,
estimated by Cogan et al. (2010)
2.19 US_IR11 Ireland (2011)
153. ESTIMATED EURO AREA MODELS
3.1 EA_CW05ta Coenen and Wieland (2005), (Taylor-staggered contracts)
3.2 EA_CW05fm Coenen and Wieland (2005), (Fuhrer-Moore-staggered contracts)
3.3 EA_AWM05 ECB’s area-wide model linearized as in Dieppe et al. (2005)
3.4 EA_SW03 Smets and Wouters (2003)
3.5 EA_SR07 Sveriges Riksbank euro area model of Adolfson et al. (2007)
3.6 EA_QUEST3 QUEST III Euro Area Model of the DG-ECFIN EU, Ratto et al. (2009)
3.7 EA_CKL09 Christoffel et al. (2009)
3.8 EA_GE10 Gelain (2010)
4. ESTIMATED/CALIBRATED MULTI-COUNTRY MODELS
4.1 G7_TAY93 Taylor (1993b) model of G7 economies
4.2 G3_CW03 Coenen and Wieland (2002) model of USA, Euro Area and Japan
4.3 EACZ_GEM03 Laxton and Pesenti (2003) model calibrated to Euro Area and Czech republic
4.4 G2_SIGMA08 The Federal Reserve’s SIGMA model from Erceg et al. (2008)
calibrated to the U.S. economy and a symmetric twin.
4.5 EAUS_NAWM08 Coenen et al. (2008), New Area Wide model of Euro Area and USA
4.6 EAES_RA09 Rabanal (2009)
5. ESTIMATED MODELS OF OTHER COUNTRIES
5.1 CL_MS07 Medina and Soto (2007), model of the Chilean economy
5.2 CA_ToTEM10 ToTEM model of Canada, based on Murchison and Rennison (2006),
2010 vintage
5.3 BRA_SAMBA08 Gouvea et al. (2008), model of the Brazilian economy
5.4 CA_LS07 Lubik and Schorfheide (2007),
small-scale open-economy model of the Canadian economy
5.5 HK_FPP11 Funke et al. (2011),
open-economy model of the Hong Kong economy
The second category covers estimated models of the U.S. economy. It includes small models of
output, inﬂation and interest rate dynamics such as Fuhrer and Moore (1995a) and Rudebusch and
Svensson (1999). Other models are of medium scale such as Orphanides and Wieland (1998) or the
well-known models of Christiano, Eichenbaum and Evans (2005) and Smets and Wouters (2007) that
fully incorporate recent advances in terms of microeconomic foundations. The data base includes
the version of Christiano, Eichenbaum and Evans model estimated by Altig et al. (2005) because it
contains other economic shocks in addition to the monetary policy shock studied by Christiano et
al (2005).18 The largest model of the U.S economy in the data base is the Federal Reserve’s FRB-
18To make sure that we correctly capture the different timing assumptions on monetary and other shocks from the original
16US model of Reifschneider et al. (1999). We have included a linearized version of this model with
rational expectations that was previously used in Levin et al (2003) as well as a more recent update
of this model from 2008.19 There is also a recent medium-size DSGE model developedat the Federal
Reserve by Edge et al (2008). In addition, this category includes several recently developed models
that addresssome of the criticisms raised in the introduction, for exampleDSGE models with housing
market dynamics(Iacoviello(2005)) andcredit market imperfections(De Graeve(2008), Christensen
and Dib (2008)) or the model with sticky information by Mankiw and Reis (2007).
The third category in Table 6 covers estimated models of the euro area economy. Four of these
modelshavebeenusedin a recentstudyof robustmonetarypolicydesignfor the euro area byKuester
and Wieland (2010): the medium scale model of Smets and Wouters (2003), two small models by
Coenen and Wieland (2005) that differ by the type of staggered contracts inducing inﬂation rigidity,
and a linearized version of the Area-Wide Model used at the ECB for forecasting purposes. In addi-
tion, we have included fairly large-scale estimated DSGE models of the euro area developed at the
Sveriges Riksbank (Adolfson et al. (2007)) and the European Commission (Ratto et al. (2009)). The
Commission’s QUEST model includes a detailed ﬁscal sector and the authors have used it to study
the impact of ﬁscal policies in the euro area. The model of Christoffel et al. (2009) incorporates un-
employment in labor market dynamics while the model of Gelain (2010) accounts for credit market
imperfections.
The fourth category includes estimated and calibrated models of two or more economies. Cur-
rently, the largest model in the data base in terms of country coverage is the estimated model of the
G7 economies of Taylor (1993). The estimated model of Coenen and Wieland (2003) with rational
expectations and price rigidities aims to explain inﬂation, output and interest rate dynamics and spill-
over effects between the U.S.A., the euro area and Japan. The model of Laxton and Pesenti (2003)
is a two-country model with extensive microeconomic foundations calibrated to the economies of
the euro area and the Czech republic. The Federal Reserve’s SIGMA model is similarly rich in mi-
croeconomic foundations. The parameters in the two-country version of this model from Erceg et al
(2008) are calibrated to the U.S. economy and a symmetric twin. The model of Coenen et al. (2008)
is a two-economy calibrated version of the New-Area-Wide-Model (NAWM) of the European Cen-
tral Bank. It is a new DSGE model with optimizing households and ﬁrms and a variety of economic
frictions. A single-economy euro area version has been estimated with Bayesian techniques and is
model in our DYNARE implementation, we provide two versions, one version for simulating the consequences of the
monetary policy shock and the other version for simulating the consequences of the other economic shocks in the model.
Furthermore, we have included an additional version of the Altig et al (2005) model used in Taylor and Wieland (2011) that
omits the cost-channel of monetary policy. This version was created in Taylor and Wieland (2011) to evaluate the effect
of this assumption in comparing the Altig et al (2005) model with the model of Smets and Wouters (2007) that features no
such cost channel.
19The 2008 linearized version of FRB-US is available in two versions, one version assumes rational expectations while
the other version models expectations with a small VAR.
17in use in the forecasting process of the European Central Bank. The calibrated two-economy version
has been used by Coenen et al. (2008) to compare the implications of taxation policies in the United
States and the euro area. Finally, Rabanal (2009) presents a recent estimated two-economy DSGE
model that makes it possible to study spillover effects between the Spanish economy and the rest of
the euro area.
Finally, the ﬁfth categorycoversestimatedmacroeconomicmodelsofothercountries. Ultimately,
we hope to incorporate models of most highly developedand emerging economies in the data base in
cooperation with researchers from the central banks of these countries. So far, we have two models
of the Canadian economy, including a version of the ToTEM model developed and used at the Bank
of Canada (see Murchison and Rennison (2006)). The other three models are estimated on data from
Brazil (see Gouvea et al. (2008)), Chile (see Medina and Soto (2007)) and Hongkong (Funke et al.
(2011)). All of thesemodelsbelongtothe classof NewKeynesianDSGEmodels. TheToTEMmodel
and the model of the Chilean economy account for a special role of a natural resource production
sector. The model of the economy of HongKong studies housing dynamics and asset markets.
4 Comparing monetary and ﬁscal policies across models: An example
We have created a computational platform that renders comparisons of impulse response functions
of common variables in response to common shocks, comparisons of autocorrelation functions of
common variables in response to model-speciﬁc shocks and systematic investigations of policy rules
across models straightforward. This result may be described by paraphrasing Lucas (1980)20 as fol-
lows: we havecompletedthe task of writing a program that will acceptspeciﬁceconomicpolicyrules
as common comparableinput for multiple economicmodels and will generateas output a comparison
acrossmodelsof statistics describing the operating characteristics of time series we care about, which
are predicted to result from these policies according to different economic models.
The computational platform is written for MATLAB and employs the DYNARE software for
model solution that is widely-usedamong macroeconomists.21 New models may easily be introduced
andcomparedto establishedbenchmarkstherebyfostering acomparativeratherthaninsularapproach
to model building. A detailed description of the model comparison software is provided in appendix
A.
20According to Robert Lucas the objective of macroeconomic model building is" to provide fully articulated, artiﬁcial
economic systems that can serve as laboratories in which policies that would be prohibitively expensive to experiment with
in actual economies can be tested out at much lower cost. [...] Our task as I see it [...] is to write a FORTRAN program
that will accept speciﬁc economic policy rules as ’input’ and will generate as ’output’ statistics describing the operating
characteristics of time series we care about, which are predicted to result from these policies."
21DYNARE admits nonlinear as well as linear models and allows approximating nonlinear rational expectations models
with perturbation or two-point-boundary-value methods. For further information on DYNARE see Juillard (2001) and
Juillard (1996). DYNARE is available for download from www.dynare.org. Our software for model comparison including
the model archive may be obtained from www.macromodelbase.com.
18Monetary policy rules.
The software implementation and model database contain a generalized interest rate rule that
allows for much richer speciﬁcations than the rule previously deﬁned in equation (9) and used in the
model augmentation example in section 2.1. In the following, we consider ﬁve parameterizations
of this generalized rule that are taken from Taylor (1993a), Levin et al. (2003), Smets and Wouters
(2007), Christiano, Eichenbaum and Evans (2005) and Gerdesmeier and Rofﬁa (2004), respectively.
The speciﬁc formulas are shown in Table 7.






































The ﬁrst rule in the table — the simple monetary policy rule of Taylor (1993a) — is well-known
beyond academic economics and central banks. In the 1990s Taylor’s rule received much attention
because it described Federal Reserve interest rate decisions since 1987 surprisingly well. More re-
cently, the large downwarddeviation of FederalReservepolicy from this rule between2002 and2006
has beenreferred to as a source of cheapmoneythat helped fuel a housing bubblein the United States
that triggered the global ﬁnancial crisis. It is a little know fact, however, that this rule originates from
an earlier model comparison exercise. Taylor (1993b) credits the comparison exercise of Bryant et
al (1993) as the crucial testing ground that helped select this particular simple rule. Variations of the
rule, motivated either by empirical estimation or model performance, abound in the literature. Here
we consider four additional rules.
The second rule was originally estimated with U.S. data by Orphanides and Wieland (1998) and
simulatedinﬁvemodelsoftheU.S.economybyLevinetal.(2003)(LWW). Theirselectionofmodels
is included in our data base. The LWW rule allows for interest-rate smoothing and includes the lag of
the output gap in addition to the current output gap and current inﬂation. Smets and Wouters (2007)
(SW) have estimated the same type of rule with interest-rate smoothing, current inﬂation, current
and past output gaps using Bayesian techniques together with the other structural parameters of their
19model. Christiano, Eichenbaum and Evans (2005) consider a different policy rule that they attribute
to Clarida, Gali and Gertler (1999). Their rule includes a response to the forecast of inﬂation rather
than current inﬂation. It has also been studied in Taylor and Wieland (2011). Furthermore, we add
a rule estimated with Euro area data. This rule is due to Gerdesmeier and Rofﬁa (2004) and has
been simulated in Kuester and Wieland (2010) in four models of the euro area economy that are also
included in our data base.
The remainder of this section serves to illustrate the comparative approach to macroeconomic
modeling and policy analysis with a few simple examples. First, we compare the consequences of
monetary and ﬁscal policy shocks in a range of models of the U.S. economy under different as-
sumptions regarding the systematic, rule-oriented component of monetary policy. Then, we evaluate
models’ predictions regarding the persistence of output and inﬂation under different monetary rules.
Policy shocks.
Figure 1 reports comparative information regarding the effect of an expansionary monetary pol-
icy shock, that is an unexpectedreduction in the short-term nominal interest rate. It shows the impact
on output (left column of panels) and inﬂation (right column) under three different monetary rules:
the Taylor rule (top row of panels), the LWW rule (middle row) and the SW rule (bottom row). Each
panel contains four lines that indicate the outcomes in four different models of the U.S. economy:
(i) the calibrated small-scale New-Keynesian model of Rotemberg and Woodford (1997) summa-
rized previously in Table 5 (solid blue line: NK_RW97); (ii) the Federal Reserve’s FRB-US model
from Levin et al. (2003) (dashed red line: US_FRB03); (iii) the New Keynesian DSGE model of
Altig et al. (2005) (dotted pink line: US_ACELm); and (iv) the model of Smets and Wouters (2007)
(dashed-dotted green line: US_SW07). The magnitude of the interest rate shock is 1 percentage
point. Following this unexpected rate cut the nominal interest rate continues to be set according to
the speciﬁed monetary policy rule.
20Figure 1: AN EXPANSIONARY MONETARY POLICY SHOCK
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All four models indicate that a reduction in the central bank rate boosts real GDP. The sign of
this effect is more or less hard-wired into these models. Due to the assumption of sticky prices,
the nominal rate cut translates into a lower real interest rate, which stimulates current consumption
and investment. This additional demand triggers more production. The magnitude and timing of the
GDP impact of the monetary policy shock differs across models and policy rules. Under the Taylor
rule, the effect on output is short-lived. It is also very small with the exception of NK_RW97 model.
This model indicates a sharp but temporary boost to output under the Taylor rule. If interest rates in
subsequentperiodsare setaccordingto the LWW orSW rule the increasein outputlasts muchlonger,
betweentwoandﬁveyearsin thedifferentmodels. Contraryto theTaylorrule, theserulesincorporate
interest rate smoothing in form of a near-unity coefﬁcient on the lagged interest rate. Thus, the initial
rate reduction is followed by a period during which the interest rate slowly returns to its long-run
equilibrium value. The anticipation of a period of lower rates induces a greater and more lasting
effect on spending in these models, because all of them assign an important role to forward-looking
21decision making by households and ﬁrms.
In the NK_RW97 model the sharp initial boost is followed by a slow decline. However, since
its parameters are calibrated rather than estimated, this model’s quantitative predictions should be
considered with a lot of caution. In the three estimated models, the effect builds up over a few
quarters and then declines. Interestingly, the US_FRB03 model implies that the peak is only reached
in the second year, while the US_ACELm and US_SW07 models indicate the peak effect within 2 to 4
quarters. Thus, the two DSGE models that were estimated more recently and incorporate advancesin
microeconomic foundations contradict conventional policy maker wisdom regarding long policy lags
of more than a year. Taylor and Wieland (2011) point out that the earlier New Keynesian model of
Taylor (1993b) agrees with the more recent DSGE models in its estimate of the impact of such policy
shocks. These ﬁndings, together, suggest that the Federal Reserve’s model may be over-estimating
the time it takes for a change in policy to be fully transmitted to the real economy. Possible reasons
may be that the US_FRB03 model overstates the extent of adjustment costs faced by forward-looking
households and ﬁrms or the importance of backward-looking, adaptive behavior.
As indicated by the right column of panels, an unexpected interest rate cut leads to an increase
in inﬂation. However, it occurs later than the increase in GDP. The reason is price stickiness. As
more and more price setters adjust to higher demand, inﬂation rises. Again, the calibrated NK_RW97
model indicates a sharper response than the empirically-estimated models that appears too extreme.
The effect lasts for the longest period in the US_FRB03 model.
The other policy shock that is speciﬁed in a common manner in our model comparison exercise
is a shock to the non-systematic or discretionary component of government purchases. As discussed
previously in section 2 the ﬁscal policy rule for discretionary government purchases is deﬁned by
equation (10) with a coefﬁcient γg of unity. We consideran expansionaryshockin the magnitude of 1
percent of GDP. The estimated degree of persistence of such a shock to governmentpurchases differs
in each model. Figure 2 reports the implications of this shock for output (left column of panels)
and inﬂation (right column). Each panel contains three lines representing the simulation outcomes
in the NK_RW97, US_FRB03 and US_SW07 model, respectively. The US_ACELm model is omitted
because it does not include a variable for government spending.
In all three models, the initial shock causes output to increase in the same quarter followed by
a slow drawn-out decline over subsequent years. This proﬁle holds under all three monetary policy
rules that were considered previously for the monetary shock: the Taylor, SW and LWW rules. The
magnitude of the effect is rather similar for these monetary rules, but it differs a lot across models.
The impact effect is smallest in the calibrated small-scale NK_RW97 model at around 0.4 percent of
output, compared to about 1 percent of output in the other two models. In the NK_RW97 model, the
increasein governmentspendingimmediately displacesprivate spending. This crowding-outeffect is
22due to the anticipation of higher future interest rates and future taxes by forward-looking households.
In the other two models, government purchases crowd out private consumption and investment in
the periods following the initial shock. Output declines faster in the US_FRB03 model than in the
US_SW07 model, because the systematic component of government spending is less persistent in the
US_FRB03 model. Of course, comparative investigations of the consequences of ﬁscal stimulus are
of great interest because of the amount of resources spent on such measures in a number of countries
following the 2008-2009 recession. We will point out some recent studies in the outlook section.
Figure 2: AN EXPANSIONARY FISCAL POLICY SHOCK
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Output and inﬂation persistence.
Next, we turn to a comparison of the typical degree of persistence in output and inﬂation across
modelsandmonetaryrules. It ismeasuredbytheautocorrelationfunctionsthatareobtainedunderthe
empiricaldistributions ofstructural shocks— excludingthe monetarypolicy shock— in the different
models. Figure 3 reports the autocorrelation functions of output (left column of panels) and inﬂation
23(right column) under the Taylor (top row), LWW (middle row) and SW (bottom row) rules.
Figure 3: AUTOCORRELATION FUNCTIONS
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The Altig et al. (2005) model is omitted from the comparison because the two non-monetary
shocksin thatmodelonly explaina relatively smallpartofthe empiricaloutputandinﬂation volatility
in the U.S. economy (see Taylor and Wieland (2011)). The calibrated small-scale NK_RW97 model
exhibits the lowest degree of output and inﬂation persistence for any of the three monetary rules.
As discussed in section 2 this model does not allow for lagged terms of inﬂation and output in the
New-Keynesian IS and Phillips curves. Only the exogenous shocks incorporate persistence.
The two models that are estimated to ﬁt U.S. macroeconomic data exhibit substantial output and
inﬂation persistence. The empirical ﬁt of the Federal Reserve’s US_FRB03 model is due to a richer
set of dynamics and adjustment costs that imply the appearance of one or more lags of endogenous
variablesin keybehavioralequations. Theestimated,medium-scaleUS_SWmodelimplementsall re-
strictions arising from optimizing andforward-looking householdsand ﬁrms justas in the small-scale
NK_RW97 model. However, this model renders decision making subject to additional constraints
24such as habit formation in consumption, adjustment costs in investment and capital utilization, wage
rigidities and price indexation. Thus, output and inﬂation persistence arises from lags of endoge-
nous variables as well as exogenous shocks. Surprisingly, the US_SW model even exhibits a higher
degree of output persistence than the US_FRB03 model under all three policy rules. One might
have expected that this model with microeconomic foundations would lie somewhere in between the
small calibrated model of Rotemberg and Woodford (1997) and the Federal Reserve’smodel. Models
such as US_FRB03 were often criticized for introducing too many adjustment costs and therefore
too much endogenous persistence. Given our ﬁndings one might therefore suspect that Smets and
Wouters (2007) have built in too much persistence in their model, a criticism recently also voiced
by Chari, Kehoe, and McGrattan (2009). It would be of interest to further investigate the sources of
persistence in this model in future work.
Finally, the serial correlation functions in Figure 3 also show that the choice of monetary policy
rule can have a quantitatively signiﬁcant impact on the degree of output and inﬂation persistence. For
example,inﬂation persistencein the US_FRB03model is muchless pronouncedunderthe Taylorrule
than under the two other rules.
Model comparison and the Lucas critique.
In the precedingexerciseswe have simulated the implications of different interest rate rules while
leaving the values of the non-policy parameters unchanged. All the models in the archive have been
used for such alternative policy simulations by their developers. Thus, our simulations do not in
any way involve radical departures from the purposes the models were built and used for by the
original authors. Our contribution is to offer a comparative perspective that helps uncover typical
and special characteristics of particular models. Even so, the question of parameter stability has
played an important role in the literature on macroeconomic modeling and may certainly inﬂuence
the interpretation of our comparative ﬁndings.
The famous Lucas critique (Lucas (1976)) emphasizes that forward-looking, optimizing house-
holds and ﬁrms will observe systematic changes in government policy making and adjust their be-
havior accordingly. Thus, the non-policy parameters of the reduced-form behavioral equations in
macroeconomic models will change along with modiﬁcations in the policy rules. As a consequence,
models that do not properly capture the forward-looking behavioral response of market participants
will not correctly predict the impact of a policy change on the time series characteristics of variables
of interest. Lucas therefore concluded that such models should not be used for alternative policy
simulations and policy design, (see also Sims (1986)).
The models in our archive incorporate the forward-looking behavior of optimizing market par-
ticipants to different degrees. Certainly, models with largely adaptive expectations that are speciﬁed
25on the level of behavioral equations and were most widely used 30 years ago are subject to the Lu-
cas critique. New Keynesian models incorporate forward-looking behavior and assign an important
role to market participants’ expectations. The DSGE models developed more recently enforce the
parameter restrictions resulting from optimizing behavior by households and ﬁrms most stringently.
This may provide an argument for giving these models a greater weight in policy design. Generally,
the quantitative importance of the Lucas critique also depends on the extent to which the alternative
policy rule considered differs from the rule estimated within the respective model.
Even though DSGE models have been developed to improve the robustness of macroeconomic
models to the Lucas critique, it is clear that parameter instability under policy changes remains an
important issue in practice. Such models not only assume that the estimated parameters describing
preferences and technology are invariant to changes in the policy regime, but also the parameters as-
sociated with adjustment costs, nominal stickiness and exogenous shock processes. For instance, the
dynamics in the exogenous processes may be considered as a short-cut for taking up model misspec-
iﬁcation which is most likely sensitive to policy regimes. Del Negro and Schorfheide (2009) provide
an extensive discussion and some empirical evidence on these considerations.
Finally, much of the recent criticism of DSGE models is concerned with the admittedly extreme
assumptions of fully rational decision making and expectations formation by largely homogenous
market participants. To the extent these assumptions are violated in practice, the cross-equation
restrictions imposed by DSGE models would be at odds with the data. From this perspective, com-
parative analysis using earlier vintage models that impose less restrictions can be helpful to robustify
policy conclusions. Furthermore, these criticisms will provide fuel for new model development. Our
model archive should then prove useful for comparisons between the current model generation and
newly developed ones.
5 Outlook
Our comparative approach enables individual researchers to conduct model comparisons easily, fre-
quently, at low cost and on a large scale. Researchers can easily include new models in the data base
and compare the effects of novel extensions to established benchmarks thereby fostering a compara-
tive instead of insular approach to model development. Wide application of this approach could help
dramatically improve the replicability of quantitative macroeconomic analysis, reduce the danger of
circular developmentsin model-based research and strengthen the robustness of policy recommenda-
tions.
Model-speciﬁc versus robust policies.
A standard approach to policy design is to use a macroeconomic model for providing recommen-
26dations regarding the optimal policy response to a small number of variables in form of interest rate
rules such as those shown previously in Table 7. The estimated values are then replaced by values
that optimize a central bankobjective function or a measure of householdutility in the speciﬁc model.
Typical central bank objectives would be to minimize the standard deviation of inﬂation from its pol-
icy target, and possibly also output deviations from a measure of potential as well as interest rate
volatility. They tend to be justiﬁed with reference to central bank mandates and observed behavior.
Measures of household welfare are available in recent DSGE models but typically apply to identical
representative households.
Model-speciﬁc optimized rules, however, can be far from optimal in competing macroeconomic
models as shown by comparative studies such as, for example, Levin, Wieland and Williams (1999,
2003). Thus, they are not robust to model uncertainty. Levin et al. (2003), instead, consider model
averaging. In this case, the response coefﬁcients of policy rules are chosen to optimize the average
value of the objective functions from a range of empirically-estimated macroeconomic models. Such
model averaging rules exhibit a more robust stabilization performance across models and avoid dis-
astrous outcomes. Taylor and Wieland (2011) provide a ﬁrst application using four models from the
archive presented in this paper. They consider three recent DSGE models estimated on U.S. data, the
US_SW07, US_ACEL and US_DG08 models, together with the earlier-generation G7_TAY93 model.
A Bayesian approach would be to use model probabilities and optimize a probability-weighted
average of objective functions. Brock, Durlauf, and West (2007) suggest a decision strategy based
on the ﬁt and forecasting performance of the various models. Kuester and Wieland (2010) compare
Bayesian decision making and worst-case analysis and investigate policy robustness using four esti-
mated models of the euro area economy that are also contained in our archive. Worst-case analysis
implies computing the Minimax policy that delivers maximal insurance against worst-case scenarios.
Speciﬁcally, Kuester and Wieland (2010) then choose the policy response coefﬁcients that minimize
performance losses under the assumption that nature picks the model with the highest loss given the
policy choice. In addition, they consider mixtures of Minimax and Bayesian objectives and explore
the impact of learning on model posteriors and Bayesian objectives over time. In future research, we
aim to make use of the larger number of models available from our model archive, including more
recent innovations in ﬁnancial sector modeling, in order to revisit the robustness properties of simple
policy rules.
Fiscal policy design.
Relative to monetary rules, the study of ﬁscal rules for macroeconomic stabilization purposes is
still in its infancy. Many of the models available in our archive have been developed for monetary
policy analysis and are not well suited for evaluating a large range of ﬁscal policies. However, some
27of the models in the archive were built with the speciﬁc purpose of ﬁscal analysis by their original
authors. For example, the open-economy euro area model of Ratto et al. (2009) was built at the
European Commission speciﬁcally for the joint analysis of ﬁscal and monetary policy and provides
a thorough treatment of the government sector. It includes policy rules for government consumption,
government investment and government transfers and uses data on these variables in estimation. It
also accounts for distortionary taxes on consumption, capital and labor income. Furthermore, it
allows for the possibility that many households follow "rules of thumb" like the original Keynesian
consumption function with a constant marginal propensity to consume. Also, the model of Coenen
et al. (2008) available in our data base was used by the authors to examine the euro area tax structure
and the potential beneﬁts and spillovers of a tax reform aiming to reduce labor market distortions. It
is a two-country calibrated version of the European Central Bank’s New Area-Wide model.
Many medium- and large-scale models used at policy institutions nowadays contain a rather de-
tailed treatment of the ﬁscal sector with various types of distortionary taxes and explicit modeling of
the different components of government spending and transfers. These models can be used to evalu-
ate discretionary as well as rule-based ﬁscal policy initiatives. They are most useful for investigating
questions concerning business cycle stabilization and the interaction of monetary and ﬁscal policy
measures in the short to medium run. Of course, there are many ﬁscal policy questions that focus on
distributional issues and longer-term impacts. Other computable general equilibrium models that are
more appropriate for such questions are available and they need not include New Keynesian features
relevant to shorter-term stabilization questions.
Given the renewed popularity of discretionary ﬁscal policy following the 2008-2009 global re-
cession, comparative evaluations of the robustness of policy recommendations for ﬁscal stimulus are
particularly urgent. Cogan et al. (2010) provided a ﬁrst assessment of the American Recovery and
Reinvestment Act of 2009 suggesting that the estimates of its GDP impact used by government ad-
visers (cf. Romer and Bernstein (January 8, 2009)) were too optimistic and not robust to model
uncertainty.22 They estimated a model of the U.S. economy similar to US_SW07 but including rule-
of-thumb households, US_CCTW10 in our archive.
More recently, the comparativestudyby Coenenet al (2012) sponsoredby the InternationalMon-
etary Fund investigated the robustness of their ﬁnding. These 17 authors simulate the time proﬁle of
ARRA spending documented by Cogan et al in seven macroeconomic models, which are currently
used at the IMF, the Federal Reserve, the ECB, the Bank of Canada, the OECD and the European
Commission, and compare their results with those obtained in the models estimated by Cogan et al.
(2010)andChristianoetal. (2005). TheUS_CCTW10modellieswell within therangeofother model
outcomes.23 This ﬁnding is particularly interesting because the models used at policy institutions
22For a comparative evaluation of euro area ﬁscal stimulus measures see Cwik and Wieland (2011).
23See the results shown in Figure 7 of Coenen et al (2012).
28contain more detailed ﬁscal sectors. The IMF’s GIMF model is especially noteworthy as it includes
overlapping-generation households with ﬁnite planning horizons. This level of heterogeneity is rare
in New KeynesianDSGE models, but relevant for many ﬁscal policy considerations (see Freedman et
al (2010)). As to the stimulative effect of planned ARRA spending, however, the model’s predictions
remain close to the pessimistic assessmentof Cogan et al. In future work, we hope to include some of
these larger models from policy institutions in our model comparison platform. Unfortunately these
models are coded in TROLL software, which is not widely used in academia.
Model replication, re-estimation and forecasting competition.
The website associated with the model archive (http://www.macromodelbase.com) also provides
software for checking whether certain results from the original model developers’ scientiﬁc articles
can be replicated. Replicability is a crucial scientiﬁc standard. We found, however, that there is still
substantial need for improvement in our ﬁeld in this regard. Often printed articles do not provide
sufﬁcient information on the rather sophisticated macroeconomic models to allow replication. Even
in those cases where software is made available on journal websites, it is not always possible to
replicate the published ﬁndings exactly. Yet fortunately, the authors of the models included in our
archive have typically been very willing to help us in making sure we can replicate their ﬁndings.
Currently, the material available for download does not include the original data used by model
developers’in estimation, because of lack of personnelresources needed for collecting and preparing
these data sets for general use. However, in a recent study, Wieland and Wolters (2011) have put
together a data set of key U.S. macroeconomic variables and re-estimated ﬁve of the structural mod-
els of the U.S. economy that are available in our archive. Their data set includes current as well as
historical data vintages. On this basis, they were able to construct successive historical model fore-
casts that only use the data available at the date the forecast is made. These forecasts are comparable
to expert forecasts made at the same dates, because they do not use information that only became
available subsequently via revisions of macroeconomic aggregates. The mean model forecast comes
surprisingly close to the mean forecasts from the Survey of Professional Forecasters and the Federal
Reserve’sGreenbookforecasts in terms of accuracyeventhough the models only make use of a small
number of data series. Model forecasts compare particularly well to expert forecasts at a horizon of
three to four quarters and during recoveries. The extent of forecast heterogeneity is similar for model
and expert forecasts but varies substantially over time. Wieland and Wolters (2011) propose to use
such forecasting exercises as a testing ground for model competitions.24
In light of the experience of the global ﬁnancial crisis, it would be very useful to extend the cov-
24Of course, in re-estimation and forecasting the developers’ original policy rules are used.
29erage of the model data base for future policy robustness evaluations. In the words of ECB President
Trichet25, "weneedtobetterintegratethecrucialroleplayedbytheﬁnancialsystemintoourmacroe-
conomicmodels,... wemayneedtoconsiderarichercharacterisationofexpectationformation,... We
need to deal better with heterogeneity across agents and the interaction among those heterogeneous
agents, (and) we need to entertain alternative motivations for economic choices". Thus, we would
propose a major research effort to include the following modeling approaches for direct comparison:
(i) DSGEmodelswith morerealistic treatmentsofbankingandﬁnancialrisks, (ii) modelsthat deviate
from the standard assumption of rational expectations by including imperfect information, learning
and heterogeneous beliefs, (iii) models that allow for deviations from the basic microeconomic as-
sumption of rational optimizing behavior by households and ﬁrms. This proposal is laid out in more
detail in Wieland (2011).
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37A (MMB Version 1.2) How to use the model comparison software
Appendix A describes how to install and use the macroeconomic model data base (MMB Version
1.2). After reading subsections A.1 and A.2 you should be able to run the software and conduct com-
parison exercises employing the models and options contained in the data base. Subsections A.3 and
A.4 explain the structure of the ﬁles in more detail. Finally, subsection A.5 discusses how one can
add additional models to the data base.
A.1 Installation and software requirements
The complete macroeconomic model data base is contained in a zip ﬁle called MMB.zip which you
may store to any place on your computer. In order to use the model data base, you have to extract
t h ez i pﬁ l et or e t r i e v et h ef o l d e rMMB. This folder contains the ﬁle MMB.m, a set of subfolders, one
for each model included in the data base, and a few additional MATLAB function ﬁles. Figure 4
illustrates the structure of the model data base. Each model subfolder contains a single Dynare mod-
ﬁle in which the particular model is speciﬁed.
Since the program is written in MATLAB, you need a version of it installed on your computer. For
model solution the program utilizes DYNARE, which can be downloaded freely from the web.26
Double-clicking on the downloaded DYNARE exe-ﬁle opens a setup which guides you through the
installation. After completion, one has to add the DYNARE path to MATLAB. In order to do so,
open Matlab and choose Set path from the File menu. Use the option Add folder a n db r o w s et ot h e
directory where you have installed DYNARE. The DYNARE subfolder that has to be added is called
matlab. We have created two versions of the Modelbase software. The ﬁrst one utilizes DYNARE
version 3.065, the second one is compatible with DYNARE version 4.2.
26T h eU R Lo ft h eD Y N A R Ew e b s i t ei shttp://www.dynare.org.
38Figure 4: STRUCTURE OF THE MACRO MODEL DATA BASE
A.2 Using the macro model data base
MMB.mrepresentsthemainﬁlewhichhastobecalledwhenusingthemodeldatabase. Inordertorun
MMB.m, you can either open the ﬁle in MATLAB, which automatically adjusts the current directory
of MATLAB to the correct path, and click the run button or you can just start MATLAB and adjust
the current directory to the path for the MMB folder manually. In the latter case you type afterwards
MMB into the MATLAB command window and press the Enter button. In both cases a user interface
opens up that will guide you through a menu of options from which you can choose. These options
include the selection of models you want to simulate, the selection of a common monetary policy
rule used in each model as well as the selection of the statistics and visual output that you want to
be displayed. By default the output generated by the program will be stored in an excel sheet called
results.xls in the MMB folder. This output can be customized by the user in the ﬁrst few lines of the
MMB.m ﬁle. Once the ﬁle is executed, a list of the models included in the data base and its references
39is displayed in the MATLAB command window. The menu structure is illustrated in Figure 5.I nt h e
following, each menu option is described step by step.
Figure 5: MACRO MODEL DATA BASE MENU:C HOICE OF POLICY RULE AND MODELS
40Figure 6: MACRO MODEL DATA BASE MENU:C HOICE OF STATISTICS
Choosing a monetary policy rule
Oncethe MMB.m ﬁleis executedamenuappearsthat allowsyouto selecta particularinterestrate
rule. The original interest rate rules of the models in the data base have been replaced with a fairly
generalmonetary policy rule that allows manypossible parameterizations. In the MMB Version 1.2 it
is possible to choose among the ﬁve parameterizations discussed in section 3 of this paper and listed
in Table 7. A particular rule is chosenby clicking on the respectivebutton in the menu. Only one rule
may be selected. The name of the chosen rule will be displayed in the MATLAB command window.
Selecting the models
Next, a menu with a list of all models included in the data base appears. One can select as many
models as desired by clicking on the respective model button. The name of each selected model will
be listed in the command window. In order to proceed to the next menu you have to click on the
continue button. You can also choose to use all models by clicking on the corresponding button. Be
aware that in this case it might take quite some time until all models are solved. Table 6 in the main
41part of the paper lists the models contained in the MMB version 1.2. A short description of each of
these models is given in B.
Choosing statistics and graphical output
Having chosenthe models and a policy rule, the usercan make some choicesregarding the output
to be displayed. First, a menu pops up where the user can decide whether to plot autocorrelation
functions of the common variables. Afterwards, one can decide whether to plot impulse response
functions. In case only one model is selected, one has the option to shock several innovations con-
temporaneously. Impulse responses can be plotted for a unit monetary policy shock and a unit ﬁscal
policyshock. Incaseonlyonemodelisselected,onecanalsochooseamongtheoriginalshocksofthe
model. Finally, the user can choose to display the unconditional variances of the common variables
for each of the selected models. The choices will again be documented in the command window.
The numerical results for the selected options will be stored in an excel sheet called results.xls in the
MMB folder.
A.3 Structure of the MMB.m ﬁle
MMB.m, the main ﬁle of the model data base, is divided into three parts: An initialization part, where
the macroeconomic models are listed, some basic functions of the model data base are described and
choices of models, policy rules, shocks and computations are made. In the second part of the ﬁle
the models are solvedusing Dynare and impulse response functions and autocorrelation functions are
computed. The third part is devoted to the presentation of the results, i.e. setting up graphs of the
chosen statistics. As we use cell mode one can easily see where each block starts and ends.27 The
structure of the MMB.m ﬁle is illustrated in Figure 7. All variables used and generated in this ﬁle
are saved in a structure variable called modelbase. For example the number of periods to be plotted
can be found by typing modelbase.horizon. Table 8 lists the most important variables in the structure
variable modelbase. In the following, the three separateparts of MMB.m are explainedin more detail.
27A cell starts with two comment sign, i.e. with %%. When setting the cursor in a cell, the background colour of this cell
turns to yellow and can thus easily be spotted.
42Figure 7: STRUCTURE OF THE MMB.m FILE
1. Initialization 
Introductory textblock 
Defining vectors of models 
Specification of general policy rule 
Initializing a choice set of policy rules 
Programming user menus 
2. Solving the model and computing statistics 
Storing user choices 
Initializing a loop over selected models 
Stepwise model solution 
Storing model solutions and statistics 
3. Plotting the results 
Extracting statistics for common variables 
Plotting results as chosen by the user 
43Table 8: KEY VARIABLES OF THE MMB.m FILE
modelbase.totaltime total CPU time (in seconds) used by the modelbase
modelbase.savepath path for the excel ﬁle that contains the output
modelbase.names names of all models
modelbase.variabledim dimension of model-speciﬁc shocks
modelbase.horizon number of periods to be plotted




modelbase.option(2) impulse response functions
modelbase.option(3) shock several innovations contemporaneously
modelbase.option(4) plot impulse responses for original model variables
modelbase.option(5) unconditional variances of common variables
modelbase.homepath path of the modelbase folder
modelbase.namesshock names of shocks contained in the modelbase
modelbase.innos chosen shocks
modelbase.modeltime CPU time (in seconds) used for solving each model
modelbase.setpath paths of the modelfolders of chosen models
modelbase.epsilon counts the number of loops
modelbase.info equals 1 if a model has no determinate solution; otherwise 0
modelbase.AUTR contains the autocorrelation functions
modelbase.AUTlgy_ contains variable names that correspond to the autocorrelation functions
modelbase.IRF contains the impulse response functions
modelbase.IRFlgy_ contains variable names that correspond to the impulse response func-
tions
Part 1 of MMB.m: Initialization
This ﬁrst block of the MMB.m ﬁle is the only part where the user has to make changes when
adding a model. First, the most important instructions on how to use the macro model data base and
how to add models to it are repeated within a text block of comment lines. Detailed instructions on
adding models to the data base can be found in A.5. Afterwards some namevectors for the models
are set up. A variable of interest for the user is modelbase.horizon. If you want to change the number
of periods that are plotted, you need to modify this entry. The vector names contains the names of
the models. These are used later on to produce proper legends of the graphs. The vector mycolors
contains a line speciﬁcation for each model for the graphs that are plotted in part 3 of the ﬁle. When
adding new models to the data base the number of models might exceed the entries in mycolors at
some point. In this case the user needs to add entries to this vector.
A text block follows that describes a very general monetary policy rule that is used for each model
and that nests the policy rules listed in Table 7. For each rule it is shown how the original represen-
44tation is transformed into the respective general rule representation. The parameters in the general
policy rule are denoted according to the following scheme: The ﬁrst three letters are cof to indicate
a coefﬁcient rather than a variable. The next three letters are int, which are the ﬁrst three letters of
interest since this equation determines the interest rate. The next three letters are the ﬁrst three letters
of the variable the coefﬁcient responds to, c.f. coﬁntout for the output gap coefﬁcient in the interest
rate equation. The next letter is either f for coefﬁcients of forward looking variables, b for coefﬁ-
cients of backward looking (lagged) variables. This letter is just omitted in case of contemporaneous
variables. A number follows that indicates the number of leads or lags. An example is the coefﬁcient
on inﬂation expected one-period-ahead: coﬁntinff1.
After the general policy rule a menu is set up with the name rule to choose from among the policy
rules. Afterwards, the parameters of the general policy rule are set according to the speciﬁc policy
r u l ec h o s e na n ds t o r e di nt h eﬁ l epolicy_param.mat. The parametersare loadedlater on in the speciﬁc
model ﬁles to initialize the chosen policy function. If one wants to add an additional policy rule to
the macro model data base, one can easily extend the policy rule menu and add an additional set of
values for the parameters of the general policy rule. It is not necessary to change the model ﬁles.
A second menu with the name model is set up where the user can choose a subset of the models
contained in the model database. The identiﬁcation numbers of the chosen models are saved in the
vector models. Menus that let us choose whether to plot autocorrelation functions, impulse response
functions and whether to shock monetary or ﬁscal policy follow. As in the model ﬁles the monetary
policy shock has the name interest_ and the ﬁscal policy shock has the name ﬁscal_. This convention
is important to address the shocks of the right equations after having solved the model.
Part 2 of MMB.m: Solving the model and computing statistics
Before solving the models using Dynare all choices made so far have to be saved in the ﬁle Mod-
elbase as Dynare clears the workspace before solving a model. A loop over all models that are saved
in the vector modelbase.models is initialized. For every cycle of the loop the current directory is
changedaccording to the entries of the vector modelbase.namesto the subfolderof the speciﬁcmodel
that is used during the current cycle. Using the command dynarefollowed by the model abbreviation,
c.f. dynare NK_CGG99 to solve the model of Clarida et al. (1999), calls the software Dynare to
translate the Dynare syntax in a convenient way.
Afterwards the function stoch_simul_modelbase.mis called to solve the model and compute autocor-
relation functions, impulse response functions and unconditionalvariances. The results are appended
to the ﬁle Modelbase before we return to the beginning of the loop to solve the next model.
Part 3 of MMB.m: Plotting the results
45Having solved the models the last part of the MMB.m ﬁle is devoted to processing and presenting
the results. Therefore, ﬁgures for impulse response functions of the common variables to each shock
and autocorrelation functions are set up and plotted for each model. The common variables can
be easily identiﬁed within the whole output of each model using the function loc that searches for
positions of string variables in vectors like modelbase.IRFlgy_.
A.4 Structure of the model ﬁles
The model ﬁles are written in the syntax of Dynare and have a common structure. As an example we
take the simple New-Keynesian model by Rotemberg and Woodford (1997) to explain the structure
of the mod-ﬁles, its model speciﬁc parts and the common model data base blocks. The current
example is based on the Dynare 3 version of the database but we will point out any differences in the
corresponding Dynare 4 mod-ﬁle. The mod-ﬁle is shown in Figure 8 and Figure 9.H o w e v e r ,t h e
explanationsapply to all models. In the following, the two main parts of a mod-ﬁle, the preamble and
the model block, are described step by step.
46Figure 8: STRUCTURE OF THE MODEL FILES:T HE PREAMBLE
47Figure 9: STRUCTURE OF THE MODEL FILES:T HE MODEL BLOCK
48Part 1: The preamble
• Each model ﬁle begins with some information about the model. This should include the title,
the authors, the publication etc. In front of this description you will ﬁnd the symbols //,w h i c h
denote a comment in Dynare.
• The ﬁle then starts with the initialization of the model variables. In our example shown in
Figure 8 the model-speciﬁc endogenous variables are listed in line 3 after the keyword var:
pi, y, ynat, rnat, i, x, u, g and g_. The latter in fact represents an exogenous government
spending shock, howeverit has to be initialized as endogenousvariable for reasons that will be
explained below. It follows a Modelbase block in lines 5 to 8 in which the common variables
are introduced. In general, Modelbase blocks are separated through //******* symbols from
t h er e s to ft h eﬁ l e .
• Followingthekeywordvarexoin line10the exogenousvariablesareinitialized. Inourexample
this is u_, a cost push shock as well as the common interest rate shock, interest_ and the
common ﬁscal policy shock, ﬁscal_ in line 14. Note that in some models with no treatment of
government spending, the latter Modelbase shock may be left out.
• In line 17 following the keyword parameters the model-speciﬁc parameters are initialized.
• It follows the Modelbase block in which the Modelbase parameters are intitialized. In Figure
8 line 22 we have for brevity reasons only included three policy parameters. In the actual mod-
ﬁles there are many more leads and lags. These are the parameters of the general monetary
policy function, except for the last one, cofﬁspol, which enters the common discretionary gov-
ernment spending equation.
Note, that in the mod-ﬁles of the database version compatible with Dynare 4, one ﬁrst deﬁnes
the Modelbase parameters and then the model-speciﬁc parameters.
• Afterwards numerical values are assigned to the model-speciﬁc parameters in lines 25 to 34.
• Finally a Block called Speciﬁcation of Modelbase Parameters is added. First in lines 39 to 43
the numeric values of the parameters of the selected monetary policy rule are loaded. They
are contained in the ﬁle policy_param.mat in the main folder MMB. For models in which the
originalshocksareexpressedinpercent/100theparameterstd_r_hasto beresetto100afterthe
parameter-loading command. In our example this would have to be done in line 44. However,
the shocksin this model are already expressedin percentageterms. Secondly, the discretionary
ﬁscal policy parameter cofﬁspol is deﬁned as a function of the model-speciﬁc parameters in
order to obtain a governmentspendingshockof one percent of GDP. The exact implementation
49of the common ﬁscal policy shock will be described below. In our example no adjustment is
needed and hence cofﬁspol is set equal to one.
• In the Dynare 4 version of the database, the command lines to load the Modelbase parameters
have changed as shown in Figure 10.
Figure 10: LOADING MODELBASE PARAMETERS IN THE DYNARE 4 VERSION OF MMB
Part 2: The model block
• The model block starts in line 49 of Figure 9 as indicated by the keyword model followed by
linear, which tells Dynare that the equations are already linearized and thus reducescomputing
time.
• In the Modelbase block going from lines 51 to 60 the common variables are deﬁned in terms
of the original model variables. The variable interest denotesthe annualizedshort-term interest
rate, inﬂation is annualinﬂation, inﬂationq represents annualized quarterly inﬂation, outputgap
and output denote the output gap and output, respectively. The common variable ﬁspol rep-
resents discretionary ﬁscal policy. It is set equal to the model-speciﬁc government spending
shock variable, which in the case of our example is g_. Note again, that this model-speciﬁc
shock has to be initialized as an endogenous variable. This allows us the keep the original
model equation for government spending unchanged.
50• It follows the common Policy Rule block. In lines 66 to 72 the common monetary policy rule is
speciﬁed. Again for reasons of brevity we have not displayed the complete general policy rule
in Figure 9. Below in line 76, the common equation for discretionary government spending is
speciﬁed.
• The original model equations are then speciﬁed in lines 81 to 87. Note in particular that also
the governmentspending equation in line 87 has remained unchanged. The model section ends
in line 88 with the required keyword end.
• Finally the variance covariance matrix is speciﬁed in lines 91 and 92 between the keywords
shocks and end. Importantly, the variance of the original model-speciﬁc government spending
shock has been assigned to the common ﬁscal policy shock variable ﬁscal_. Hence, the com-
mon shock ﬁscal_ affects the ﬁscal policy variable ﬁspol through the common discretionary
government spending expression in line 76 which is set equal to the model-speciﬁc govern-
ment spending shock g_ in line 59.
• The stoch_simul command in line 96 is commented out. Alternatively one can also delete this
command.
A.5 Adding models to the macro model data base
Adding a new model to the data base consists of three steps. First, the original model has to be trans-
lated into a Dynare mod-ﬁle and the common Modelbase variables have to be deﬁned as functions of
the original model variables. Second, the mod-ﬁle must be stored under the model name in a folder
with exactly the same label. Third, the new model has to be initialized in the ﬁle MMB.m.I n t h e
following, each of these steps is described in detail.
Step 1: Creating the mod-ﬁle
• The ﬁrst task when adding a new model to the macro model data base is to create a Dynare
mod-ﬁle. The ﬁle should start with a comment section giving some information about the
associated reference paper(s) for the model.
• The ﬁle must have the usual structure of a Dynare mod-ﬁle. That is, one starts with the initial-
ization of variables, shocks and parameters. Then the equations describing the model follow
and ﬁnally the variance-covariancestructure of the shocks is speciﬁed.
• However, each of the before mentioned sections has to be augmented by a Modelbase block.
This Modelbase block should be visually separated from the original model sections through a
comment line //*******.
51• After the initialization of the original model variables, the common block Modelbase Variables
follows. It consistsof the six common variables interest, inﬂation, inﬂationq, outputgap, output
and ﬁspol. Thosevariables will be described below. If output is not speciﬁedin the model, then
the common variable output has to be left out. Furthermore, in some small models, one may
have to leave out the ﬁspol variable. This common block corresponds to lines 5 to 8 in Figure
8.
• The common block Modelbase Shocks is added after the initialization of the original model
shocks as in lines 12 to 15 of Figure 8. It consists of a common monetary policy shock,
interest_, and of a common ﬁscal policy shock, ﬁscal_.
• The third common block is the Modelbase Parameters section. Following the initialization of
the original model parameters, the common Modelbase parameters are preset, consisting of the
monetary policy rule parameters and the discretionary ﬁscal policy parameter cofﬁspol.F o rt h e
Dynare 4 version of the Modelbase, one ﬁrst deﬁnes the Modelbase parameters and afterwards
the original model-speciﬁc parameters.
• It follows the numeric speciﬁcation of the parameters. This is done ﬁrst for the model-speciﬁc
parametersandthenseparatelyforthecommonModelbaseparametersin theblockcalledSpec-
iﬁcation of Modelbase Parameters. First, the parameter values of the selected monetary policy
rule are loaded. They are contained in the ﬁle policy_param.mat in the main folder MMB.F o r
modelsin whichthe originalshocksare expressedin percent/100the parameterstd_r_hasto be
reset to 100 after the parameter-loading command. This speciﬁcation is required for the proper
calculation of impulse response functions. In our example this would have to be done in line
44. However, the shocks in the example are already expressed in percentage terms. Secondly,
the discretionary ﬁscal policy parameter cofﬁspol is deﬁned as a function of the model-speciﬁc
parameters such that a unit government spending shock has a unit impact on output. In our ex-
ample no adjustment is needed and hence cofﬁspol is set equal to one. In the Dynare 4 version
of the Modelbase the command lines to load the policy rule parameters are slightly different,
as documented in Figure 10.
• Following the beginning of the model section, i.e. before the original model equations are
speciﬁed, a model-speciﬁc Modelbase block has to be added in order to deﬁne the common
Modelbase variables in terms of original model variables. This is done in lines 52 to 59 in
our example. The variable interest is deﬁned as the annualized short-term interest rate set by
the policy maker. The variable inﬂation denotes the year-on-year inﬂation rate in percent and
inﬂationq denotes the annualized quarter-to-quarter inﬂation rate in percent. If for instance
the original model variable representing quarterly inﬂation is not annualized, then inﬂationq
52would have to be speciﬁed as four times the original quarter-to-quarter inﬂation variable. The
common variables outputgap and output represent the output gap and output, respectively.
• The variable ﬁspol speciﬁes the common discretionary ﬁscal policy variable. For implementa-
tion of the discretionary ﬁscal policy variable, one does not have to change the original model
equations. The original shock that should represent the common ﬁscal policy shock has to be
initialized as endogenous variable, i.e. following the command var instead of varexo. In our
example the original government spending shock g_ is initialized in this way. Furthermore, in
the section in which the shock variances are speciﬁed, this original shock has to be replaced by
the common shock ﬁscal_.T h eﬁspol variable has to be set equal to the original shockvariable.
If there does not exist a ﬁscal policy shock in the original model, ﬁscal_ and ﬁspol should not
be initialized.
• Afterwards the common Policy Rule block is added to the mod-ﬁle, specifying the general
monetary policy rule, like it is done in lines 68 to 72 in Figure 9. For the sake of brevity we
have not displayed the complete general policy rule in our example. The original monetary
policy rule has to be commented out in the original model code. In case the model contains
a ﬁscal policy shock, common discretionary government spending is also speciﬁed in the Pol-
icy Rule block, expressing ﬁspol as a function of the ﬁscal_ shock, as in line 76 of Figure 9.
Hence, the common shock ﬁscal_ affects the ﬁscal policy variable ﬁspol through this common
discretionary governmentspendingexpressionand ﬁspolis setequalto the model-speciﬁcgov-
ernmentspendingshockg_in line 59. Theorginal modelequationsfollowing this blockremain
unchanged.
• The variances of the two common shocks are speciﬁed together with the variances/covariances
of the model-speciﬁc shocks. Speciﬁcally, the variance of the monetary policy shock interest_
is set equal to zero and therefore it does not have to show up explicitly. For the ﬁscal policy
shock ﬁscal_one adopts the original covariancespeciﬁcationof the replacedshock if available.
Otherwise one sets the variance of the ﬁscal policy shock equal to zero.
• Finally, onehasto deleteorout-commentthecommandsforﬁndingthe steadystateandsolving
the model as it is done in line 95 of our example.
Step 2: Storing the mod-ﬁle
• Next, the ﬁle hasto be stored as mod-ﬁle underthe model name. In the example, the NK_RW97
model is stored as NK_RW97.mod. The name of small calibrated New Keynesian models
should start with NK, models of the US economy should start with US and models of the
53Euro area should start with EA. The full model name should allow for the identiﬁcation of the
speciﬁc model among the other Modelbase models. The ﬁle must be stored in a folder that
has to be created under exactly the same model name and that is positioned in the main folder
MMB.
Step 3: Initializing the model in the MMB.m ﬁle
• In the ﬁnal step, one initiates the model in the main ﬁle MMB.m. For this task, one has to
open MMB.m. After some lines of comments on how to add a model, a textblock with a table
of models currently implemented in the Modelbase follows. This table is also shown in the
workspace when the program is run. The new model has to be added to this table by itemizing
the model name followed by the reference. For instance, the model named NK_RW97 is added
as NK_RW97: Rotemberg, Woodford (1997).
• Next, the model name has to be added at the corresponding position to the vector model-
base.names.
• Finally,anewentryhastobeaddedatthecorrespondingpositiontothevectormodelbase.variabledim.
This entry has to be 1 if the standard deviations of the model-speciﬁc shocks are expressed in
percent and it has to be 2 if the standard deviations are expressed in percent/100.
54B A detailed overview of available models
This section describes the structure and the most important features of the different models in the
macro model data base.
Most models assume that expectationsof future realizations of model variables such as for exam-
ple future exchange rates, prices, interest rates, wages and income are formed in a model-consistent,
rational manner. A few models assume backward-looking expectations formation, in particular the
models from Rudebusch and Svensson (1999) and Orphanides (2003). Most, but not all models are
linear, or linear approximations of nonlinear models. In this case the variables appear as percentage
deviations from their steady state values. There are many differences in model structure, in terms of
size, in terms of countries covered, or the extent of microeconomic foundations considered.
B.1 Small Calibrated Models
B.1.1 NK_RW97: Rotemberg and Woodford (1997)
The model and the estimation strategy is discussed in detail in Rotemberg and Woodford (1997). The
equations of this model can be derived from the behavior of optimizing agents. The expectational
IS equation and the policy rule together can be viewed as determining aggregate demand, while the
New-KeynesianPhillips curve equationdetermines aggregatesupply. The Phillips curve equationcan
be obtained as a log-linear approximation to the ﬁrst-order condition of optimizing ﬁrms with either
Calvo-style staggered price contracts (Yun, 1996) or convex costs of price adjustment (Rotemberg,
1982). The IS equation can be obtained as a log-linear approximation of the representative house-
hold’s ﬁrst-order equation in a model in which consumption, leisure, and real money balances are
each additively separable in the utility function, and total consumption demand (private and govern-
ment consumption) is equal to aggregate output.
• Aggregate Demand: Standard New Keynesian IS curve.
• Aggregate Supply: Standard New Keynesian Phillips curve.
• Shocks: A cost-push shock following an AR(1) process, the common monetary policy shock,
a government spending shock representing the common ﬁscal policy shock.
• Calibration/Estimation: Rotemberg and Woodford (1997) match the empirical impulse re-
sponse functions to a monetary policy shock in a VAR (detrended real GDP, inﬂation, funds
rate) and the empirical variances with the variances and the theoretical impulse responsesfrom
the model to all three shocks. Quarterly U.S. data for the period 1980:Q1–1995:Q2 is used.
The estimated parameters are taken from Woodford (2003) table 6.1. However, we do not have
55information on the calibration of the shock processes. Hence, we employ the estimation results
from Adam and Billi (2006) for the NK_RW97 shock speciﬁcations.
B.1.2 NK_LWW03: Levin et al. (2003)
This model is used for comparison in the robustness analysis of monetary policy rules by Levin et al.
(2003). Itsstructureissimilarto theNK_RW97modelpresentedabove,butwithoutexplicittreatment
of government spending.
• Aggregate Demand: Standard New Keynesian IS curve.
• Aggregate Supply: Standard New Keynesian Phillips curve.
• Shocks: A cost-push shock, a shock to the real interest rate and the common monetary policy
shock.
• Calibration/Estimation: In calibrating the model, the parameter values of Woodford (2003)
adjusted for annualized variables as in Levin et al. (2003) are used.
B.1.3 NK_CGG99: Clarida et al. (1999), hybrid model
Themodel is similar to NK_RW97but it features ahybrid Phillips curvewith endogenouspersistence
in inﬂation. Also, government spending is not treated explicitly. The model and its implications for
monetary policy are discussed in detail in Clarida et al. (1999) from page 1691 onwards.
• Aggregate Demand: Hybrid New Keynesian IS curve.
• Aggregate Supply: Hybrid New Keynesian Phillips curve.
• Shocks: A cost-push shock, a demand shock and the common monetary policy shock.
• Calibration/Estimation: We use the same parametrization as in in NK_RW97, however ex-
pected inﬂation enters the Phillips curve with a weight of 0.52 and lagged inﬂation with a
weight of 0.48. In the IS curve the expected output gap has a weight of 0.56 and the lagged
output gap has a weight of 0.44.
B.1.4 NK_CGG02: Clarida et al. (2002), 2-country model
Clarida et al. (2002) derive a small-scale, two-country, sticky-price model to analyse optimal mone-
tary policy. The two countries are symmetric in size, preferences and technology.
56• Aggregate Demand: Households maximize their lifetime utility, where the utility function is
separable in consumption and leisure, subject to an intertemporal budget constraint. They
own the ﬁrms, are a monopolistically competitive supplier of labor to the intermediate ﬁrms
and additionally hold their ﬁnancial wealth in the form of one-period, state-contingent bonds,
which can be traded both domestically and internationally.
• Aggregate Supply: Domestic production takes place in two stages. First there is a continuum
of intermediate goods ﬁrms, each producing a differentiated material input under monopolistic
competition using a production function that is linear in labor input and includes an exogenous
technology parameter. They set nominal prices on a staggered basis ï£¡ la Calvo and receive
a subsidy in percent of their wage bill to achieve an undistorted steady state. Final goods
producers then combine these inputs into output, which they sell to households under perfect
competition. Wages are perfectly ﬂexible. Thus, all workers will charge the same wage and
work the same amount of hours. Clarida et al. (2002) introduce an exogenous time-varying
elasticity of labor demand to vary the wage-mark-up over time. The system of equations is
collapsed into an IS equation and a Phillips curve, which determine the output gap and inﬂa-
tion, conditional on the path of the nominal interest rate both for the domestic and the foreign
economy.
• Foreign sector: Producer currency pricing is assumed so that the Law of one price holds for
the ﬁnal consumption good and the CPI based real exchange rate is unity. Together with the
assumption of complete markets this ensures that the consumption levels are equal in both
countries at any point in time.
• Shocks: A cost push shock and the common monetary policy shock.
• Calibration/Estimation: We take the parametrization of the small open economy model in Gali
and Monacelli(2005)to calibrate the model. Gali and Monacelli(2005)calibrate the stochastic
properties of the exogenous driving forces by ﬁtting AR(1) processes to log labor productivity
in Canada, which is their proxy for the domestic country, and log U.S. GDP, which they use as
proxy for world output. The sample period comprises 1963:1–2002:4.
B.1.5 NK_MCN99: McCallum and Nelson (1999)
The model in McCallum and Nelson (1999) is used to monitor the performance of operational mon-
etary policy rules. Two distinct variants of the model are used, mainly differing in the choice of the
aggregate supply setup. In the ﬁrst setup, aggregate supply is based on a standard Calvo-Rotemberg
(NK_MCN99cr) speciﬁcation of the Phillips curve where inﬂation is linked to expected inﬂation and
57the output gap. In the second setup of the model, the authors introduce the so-called P-bar price
adjustment (NK_MCN99pb) where price changes occur in order to gradually eliminate deviations of
actual from market clearing values of output.
• Aggregate Demand: Standard New Keynesian IS and LM curve.
• Aggregate Supply: Two setups: (i) Standard New Keynesian Phillips curve (NK_MCN99cr),
(ii) P-bar price adjustment (NK_MCN99pb).
• Shocks: A shock to the IS curve which follows an AR(1) process, a shock to the LM curve, an
investment shock, a shock on capacity output and the common monetary policy shock.
• Calibration/Estimation: Themodelequationsareestimatedindividuallybyordinaryleastsquares
and instrumental variable estimation for U.S. data. The sample period comprises 1955–1996.
B.1.6 NK_IR04: Ireland (2004)
Ireland (2004) develops a small New Keynesian model with real money balances entering both the
forward-looking IS curve and the Phillips curve. The model is used to study the role of money in the
U.S. business cycle.
• Aggregate Demand: A representative household maximizes expected utility, nonseparable be-
tween consumption and real money balances while separable in leisure, subject to a budget
constraint. The optimizing behavior of this household leads to a forward-looking IS curve
with real money balances entering the speciﬁcation. This is due to the non-separability of real
balances to consumption in the utility function, as real balances affect the marginal rate of
intertemporal substitution.
• Aggregate Supply: A representative ﬁrm produces ﬁnal goods according to a constant-returns-
to-scale technology, using labor and intermediate goods as inputs. On the other hand, inter-
mediate goods are produced under a linear technology using labor as input. The representative
intermediate goods-producing ﬁrm has monopolistic power in the market, therefore acting as
a price-setter. However, price setting is subject to Rotemberg quadratic adjustment costs. The
optimizing behavior of this ﬁrm leads to a forward-looking Phillips curve with real money
balances entering the speciﬁcation.
• Shocks: An overall preference shock, a real money balances preference shock, a productivity
shock and a monetary policy shock.
• Calibration/Estimation: Estimated via maximum likelihood using U.S. quarterly data over the
period 1980:Q1–2001:Q3.
58B.1.7 NK_BGG99: Bernanke et al. (1999)
Bernanke et al. (1999) introduce credit market imperfections into an otherwise standard New Keyne-
sian model with capital andshow that these ﬁnancialfrictions contribute to propagateand amplify the
response of key macroeconomic variables to nominal and real shocks. An agency problem arises due
to asymmetries of information in borrower-lender relationships. The economy is inhabited by three
types of agents, risk-averse households, risk-neutral entrepreneurs and retail ﬁrms.
• Aggregate Demand: Households gain utility from consumption, leisure and real money bal-
ances. Household optimization results in a standard dynamic IS equation. Entrepreneurs use
capital and labor to produce wholesale goods that are sold to the retail sector. Each period, en-
trepreneurs have to accumulate capital that becomes available for production in the subsequent
period. Entrepreneurs have to borrow from households via a ﬁnancial intermediary to ﬁnance
capital purchases. Since the ﬁnancial intermediary has to pay some auditing costs to observe
the idiosyncratic return to capital, an agency problem arises. The optimal contract leads to an
aggregate relationship of the spread between the external ﬁnance costs and the risk-free rate
and entrepreneurs’ ﬁnancial conditions represented by the leverage ratio.
• AggregateSupply: Retail ﬁrms actundermonopolisticcompetition. Theybuywholesalegoods
produced by entrepreneurs in a competitive market and differentiate them at zero cost. Price
stickiness is introduced via the Calvo framework. Bernanke et al. (1999) assume that reopti-
mizing ﬁrms have to set prices prior to the realization of shocks in that period, so that previous
period’s expectations of the output gap and future inﬂation enter the New Keynesian Phillips
curve.
• Shocks: The model exhibits a technology shock, a demand shock and the common monetary
policy shock. Since we have no information about the variances of the shock terms, we set all
shock variances equal to zero.
• Calibration/Estimation: The model is calibrated at quarterly frequency.
B.1.8 NK_GM05: Gali and Monacelli (2005)
Gali and Monacelli (2005) develop a model of a small open economy which is part of a world econ-
omy comprised of a continuum of small open economies sharing identical preferences, technology
and market structure but facing imperfectly correlated productivity shocks. With this framework, the
authors analyze the macroeconomic implications of three different rule-based policy regimes for a
small open economy, pointing out the trade-offs the authorities face between the stabilization of the
nominal exchange rate, domestic inﬂation and the output gap.
59• Aggregate Demand: The representative household in a small open economy seeks to optimize
its utility separable between consumption and leisure subject to its budget constraint. Con-
sumption is a composite of domestic and foreign goods, weighted by the degree of home bias
in preferences, which represents the index of country openness. The dynamic IS equation is
similar to that found for a closed economy but with the degree of opennessinﬂuencing the sen-
sitivity of the output gap to interest rate changes. Furthermore, the natural interest rate depends
on the expected growth of world output.
• Aggregate Supply: Differentiated goods are produced from a typical ﬁrm using a linear tech-
nology with labor as input. Firms face price stickiness a la Calvo as in the case of a closed
economy. Importantly, marginal costs are increasing in the terms of trade and in world output.
The degree of country openness affects the slope of the New Keynesian Phillips curve of the
small open economy, thus affecting the response of inﬂation to variations in the output gap.
• The Foreign Sector: Purchasing Power Parity and the law of one price hold. There is prefect
exchangerate pass-through. Under the assumption of complete international ﬁnancial markets,
an international risk sharing in the form of the uncovered interest rate parity is obtained.
• Shocks: A domestic productivity shock and a world demand shock.
• Calibration/Estimation: The model is calibrated mostly to ﬁt some characteristics of the Cana-
dian economy. In order to calibrate the stochastic properties of the exogenous driving forces,
AR(1) processes are ﬁtted, using quarterly, HP-ﬁltered data over the sample period 1963:Q1–
2002:Q4.
B.1.9 NK_GK09: Gertler and Karadi (2009)
Gertler and Karadi (2009) build a quantitative monetary DSGE model with ﬁnancial intermediaries
that face endogenously determined balance sheet constraints. The authors use the model to analyse
unconventional monetary policy measures.
• Aggregate Demand: The representative household’s utility is separable in consumption and
leisure andallows for habit formation in consumption. Householdspostponetheir consumption
by holding deposits with the ﬁnancial intermediaries. The amount of deposits is determined in
such a way as to guarantee that the bankers’ incentive constraint is satisﬁed. Expected-lifetime
utility is maximized, choosing consumption and labor supply to the intermediate ﬁrms.
• Aggregate Supply: The ﬁnancial intermediaries issue contingent claims to ﬁrms, ﬁnanced by
the deposits. An agency problem between the intemediaries and the depositors generates an
60endogenousleverageconstraintwith respecttotheleverageratio oftheﬁnancialintermediaries.
Competitive ﬁrms produce intermediate goods using labor services and capital, the latter of
which is produced by the capital producer. The retail ﬁrms have monopolistic power and re-
package intermediate output. Nominal frictions are introduced in the form of Calvo sticky
prices. Non-reoptimizing ﬁrms index their prices to previous periods inﬂation rate.
• Shocks: Capital quality shock, which affects the effective quantity of the capital stock.
• Calibration/Estimation:Theﬁnancialsectorparametersarechosentosatisfyasteadystateinter-
est rate spread of 100 basis points, a steady state leverage ratio of four, and an average horizon
of bankers of a decade. The calibration of the conventional parameters is mostly following
Christiano et al. (2005).
B.1.10 NK_CK08: Christoffel and Kuester (2008)
Christoffel and Kuester (2008) incorporate search and matching frictions à la Mortensen and Pis-
sarides (1994) into an otherwise standard New Keynesian business cycle model.
• Aggregate Demand: There is a large number of identical families in the economy. Each family
consistsof unemployedandemployedmembers with time-additive expectedutility preferences
and an external habit. The representative family pools the labor income of its working mem-
bers, unemployment beneﬁts of the unemployed members and ﬁnancial income. The family
maximizes its welfare function by choosing consumption and nominal bond holdings subject
to its budget constraint.
• Aggregate Supply: There are three sectors of production in the economy. Firms in the ﬁrst
sector produce a homogeneous intermediate good where labor is the only production input.
The production process is subject to matching frictions. Nominal wages in the labor sector
are Calvo staggered. The wholesale sector demands labor goods as the only production input
in a perfectly competitive market to produce differentiated goods using a constant-return-to-
scale production technology. Subject to price-setting impediments à la Calvo, the intermediate
good is sold under monopolistic competition to a ﬁnal retail sector. Retailers bundle differenti-
ated goods into a homogeneous consumption/investment basket. These goods are then sold to
consumers and government.
• Shocks: Three shocks: a serially correlated shock to the risk premium that drives a wedge
between the return on bonds held by the families and the interest rate set by the central bank,
an AR(1) labor sector-wide technology shock process, and a government spending shock.
61• Calibration/Estimation: The model is calibrated to US data from 1964:Q1 to 2006:Q3. The
underlyingdatasetusedcoversdataonoutput, hoursworked, totalwages,wagesperemployee,
real hourly wages, vacancies, the civilian unemployment rate, the inﬂation rate and the interest
rate.
B.1.11 NK_CKL09 and EA_CKL09: Christoffel et al. (2009)
Christoffel et al. (2009) explore the role of labor markets for monetary policy in the Euro Area in a
closed-economy, single-country New Keynesian model with Mortensen and Pissarides (1994) type
of matching frictions. To allow for a direct channel from wages to inﬂation, the model builds on the
right-to-manage framework of Trigari (2006). Moreover, Christoffel et al. (2009) incorporate stag-
gered wage-setting à la Calvo and account for job-related ﬁxed costs as in Christoffel and Kuester
(2008). The aim of the paperis to investigate to which extent a more ﬂexiblelabor market would alter
the business cycle behavior and the transmission of monetary policy, employing a genuine Euro Area
calibration (NK_CKL09). Second, by estimating the model with Bayesian techniques (EA_CKL09)
they analyze to which extent labor market shocks are important determinants of business cycle ﬂuc-
tuations. The results support current central bank practice to put considerable effort into monitoring
Euro Area wage dynamics and treat some of the other market information as less important for mon-
etary policy.
• Aggregate Demand: The demand as well as the supply structure follow closely the one de-
scribed in Christoffel and Kuester (2008). The economy consists of a large number of identical
families that comprise unemployed and employed members with time-additive expected utility
preferences that exhibit an external habit. The representative family pools the labor income
of its working members, unemployment beneﬁts of the unemployed members and ﬁnancial
income from assets that family members hold via a mutual fund. Each household also owns
representativesharesof allﬁrms in the economy. It maximizesthe sum ofunweightedexpected
utilities of its individual members, by taking consumption, saving, vacancy posting, and labor
supply decisions on their behalf.
• Aggregate Supply: The economy consists of three production sectors. The labor packers use
exactly one worker as input to produce a homogeneous intermediate good labeled labor good.
The process of labor bargaining is governed by wage rigidities. The wholesale sector buys the
labor goodfrom the laborpackersin a perfectly competitivemarket andproducesdifferentiated
goods using a constant-return-to-scale production technology. These goods are sold under mo-
nopolistic competition to a ﬁnal retail sector at a price that is subject to impediments à la Calvo
and to a partial indexation rule. Retailers bundle the differentiated goods into a homogeneous
consumption/investment basket and sell it to the consumers and to the government.
62• Shocks: Three labor market shocks: a shock to the costs of posting a vacancy, a shock to the
rate of separation, and a shock to the bargaining power of workers; a government spending
shock; a wholesale sector cost-push shock.
• Calibration/Estimation: For the calibration exercise (NK_CKL09) a quarterly Euro Area data
set from 1984:Q1 to 2006:Q3 is used. The model is also estimated with Bayesian techniques
(EA_CKL09) employing output, year-on-year inﬂation, the nominal interest rate, wages per
employee, unemploymentand proxies for total hours worked and vacanciesas observable vari-
ables.
B.1.12 NK_RW06: Ravenna and Walsh (2006)
Ravenna and Walsh (2006) build a New Keynesian model with a cost channel of monetary transmis-
sion and study optimal monetary policy.
• Aggregate Demand: The model economy consists of households, ﬁrms, the government, and
ﬁnancial intermediaries interacting in asset, goods, and labor markets. Households maximize
their expected present discounted value of utility deﬁned over a composite consumption good,
a taste shock and leisure. The composite good consists of differentiated products produced by
ﬁnal goods producers. Households enter each period with cash holdings, receive their wage
income and use it to make deposits at the ﬁnancial intermediary. The remaining cash balances
are availablefor the purchaseof consumptiongoods. At the end ofa period, householdsreceive
proﬁt income from the ﬁnancial intermediary and ﬁrms, and the principal and interest on their
deposits at the intermediary.
• Aggregate Supply: The goods market is characterized by monopolistic competition, and the
adjustment of prices follows the Calvo setting. Firms must borrow money from the ﬁnancial
intermediary at the gross nominal interest rate to pay for part of their wage bill.
• Shocks: A composite demand shock.
• Calibration/Estimation: The model is calibrated to the US economy.
B.2 Estimated U.S. Models
B.2.1 US_FM95: Fuhrer and Moore (1995a)
The model is described in Fuhrer and Moore (1995a) and Fuhrer and Moore (1995b). We employ
the parametrization used in Levin et al. (2003). Fuhrer and Moore introduce a new wage contracting
model where agents care about relative real wages in order to match the strong inﬂation persistence
observed in U.S. data.
63• Aggregate Demand: The US_FM95 model represents aggregate spending by a single reduced-
form equation corresponding to an IS curve. The current output gap depends on its lagged
values over the past two quarters and the lagged value of the long-term real interest rate, which
is deﬁned as a weighted average of ex-ante short-term real interest rates with a duration of 40
quarters.
• Aggregate Supply: The aggregate price level is a constant mark-up (normalized to one) over
the aggregate wage rate. The aggregate wage dynamics are determined by overlapping wage
contracts. In particular, the aggregate wage is deﬁned to be the weighted average of current
and three lagged values of the contract wage rate. The real contract wage, that is the contract
wage deﬂated by the aggregate wage, is determined as a weighted average of expected real
contract wages, adjusted for the expected average output gap over the life of the contract.
This speciﬁcation yields a hybrid Phillips curve that depends additionally on current and past
demand and expectations about future demand.
• Shocks: An ad hoc supply shock and the common monetary policy shock.
• Calibration/Estimation: Full-information maximum likelihood estimation on U.S. data from
1966–1994.
• Replication: We replicated the impulse response functions for annualized quarterly inﬂation
and the output gap to a 100 basis point innovation to the federal funds rate in Figure 2 of Levin
et al. (2003).
B.2.2 US_OW98: FRB Monetary Studies, Orphanides and Wieland (1998)
This is a small open economy model described in Orphanides and Wieland (1998) and used to inves-
tigate the consequencesof the zero bound on nominal interest rates.
• Aggregate Demand: The US_OW98 model disaggregates real spending into ﬁve components:
private consumption, ﬁxed investment, inventory investment, net exports, and government
purchases. The aggregate demand components exhibit partial adjustment to their respective
equilibrium levels, measured as shares of potential GDP. Partial adjustments reﬂect habit per-
sistence. Equilibrium consumption and ﬁxed investment are functions of permanent income
(discounted at 10 percent) and depend on the long-term real rate. The long-term nominal in-
terest rate is an average of expected future nominal short-term rates. The long-term real rate
is determined by the Fisher equation. Inventory investment depends on three lags of output.
Government spending is an AR(1) process.
64• AggregateSupply: ThestructureissimilartotheUS_FM95model. InUS_FM95andUS_OW98,
the aggregate price level is a constant mark-up over the aggregate wage rate.
• Foreign Sector: Net exports depend on domestic output, world output, the real exchange rate
and lagged net exports. The exchange rate is determined by an UIP condition.
• Shocks: Five demand shocks including the common ﬁscal policy shock in the government
spending equation, an ad hoc cost push shock to the nominal wage contracts and the common
monetary policy shock.
• Calibration/Estimation: The model is estimated for the period 1980–1996 using U.S. data.
The demand block is estimated via IV-estimation equation-by-equation. For the supply side
simulation-based indirect inference methods are used.
• Replication: We replicated the impulse response functions for annualized quarterly inﬂation
and the output gap to a 100 basis point innovation to the federal funds rate in Figure 2 of Levin
et al. (2003).
B.2.3 US_FRB03: FRB-US model
The FRB model is a large-scale model of the U.S. economy with a relatively detailed representation
of the supply side of the economy. The version US_FRB03 was linearized by Levin et al. (2003).
• AggregateDemand: Real spendingis divided into ﬁve components: private consumption, ﬁxed
investment, inventory investment, net exports and government purchases. The broad compo-
nents are disaggregated further i.e. spending on ﬁxed investment is separated into equipment,
nonresidential structures and residential construction. Government spending is divided into
six sub-components, each of which follows a simple reduced-form equation that includes a
counter-cyclical term. The speciﬁcation of most non-trade private spending equations follows
the generalized adjustment cost model due to Tinsley (1993).
• Aggregate Supply: Potential output is modeled as a function of the labor force, crude energy
use, and a composite capital stock, using a three-factor Cobb-Douglas production technology.
The equilibrium output price is a mark-up overa weighted average of the productivity-adjusted
wage rate and the domestic energy price. The speciﬁcation of the wage and price dynamics
follows the generalized adjustment cost framework used in the aggregate demand block. Wage
inﬂation dependson lagged wage inﬂation over the previous three quarters, as well as expected
future growth in prices and productivity, and a weighted average of expected future unemploy-
ment rates. Price inﬂation depends on its own lagged values over the past two quarters, as well
65as expected future changes in equilibrium prices and expected future unemployment rates. In
addition, both wages and prices error-correct to their respective equilibrium levels. A vertical
long-run Phillips curve is imposed in estimation. The model contains a detailed accounting
of various categories of income, taxes, and stocks, an explicit treatment of labor markets, and
endogenous determination of potential output. Long-run equilibrium in the model is of the
stock-ﬂow type; the income tax rate and real exchange rate risk premium adjust over time to
bring government and foreign debt-to-GDP ratios back to speciﬁed (constant) levels.
• Foreignsector: Thefull modelincludesdetailedtreatments offoreignvariables. Twelvesectors
(countries or regions) are modeled, which encompass the entire global economy. In the model
used in the Modelbase the full set of equations describing the foreign countries is replaced by
two reduced form equations for foreign output and prices, to reduce computational cost.
• Shocks: The model exhibits a large range of shocks to which we add the common monetary
policy shock and a ﬁscal shock that equally affects all three components of federal government
spending such that a unit ﬁscal policy shock affects output by 1 percent.
• Replication: We replicated the impulse response functions for annualized quarterly inﬂation
and the output gap to a 100 basis point innovation to the federal funds rate in Figure 2 of Levin
et al. (2003).
B.2.4 US_SW07: Smets and Wouters (2007)
Smets and Wouters (2007) developa medium-scale closed economyDSGE-Model and estimate it for
the U.S. with Bayesian techniques. The model features a deterministic growth rate driven by labor-
augmenting technological progress, so that the data do not need to be detrended before estimation.
• Aggregate Demand: Households maximize their lifetime utility, where the utility function is
nonseparable in consumption and leisure, subject to an intertemporal budget constraint. Smets
and Wouters (2007) include external habit formation to make the consumption response in
the model more persistent. Households own ﬁrms, rent capital services to ﬁrms and decide
how much capital to accumulate given certain capital adjustment costs. They additionally hold
their ﬁnancial wealth in the form of one-period, state-contingent bonds. Exogenous spending
follows a ﬁrst-order autoregressive process with an iid-normal error term and is also affected
by the productivity shock.
• AggregateSupply: Theﬁnalgoods,whichare producedunderperfectcompetition, are usedfor
consumption and investment by the households and by the government. The ﬁnal goods pro-
ducer maximizes proﬁts subject to a Kimball (1995) aggregator of intermediate goods, which
66introduces monopolistic competition in the market for intermediate goods and features a non
constantelasticity of substitution betweendifferent intermediate goods,which dependson their
relative price. A continuum of intermediate ﬁrms produce differentiated goods using a produc-
tion function with Cobb-Douglas technology and ﬁxed costs and sell these goods to the ﬁnal-
good sector. They decide on labor and capital inputs, and set prices according to the Calvo
model. Labor is differentiated by a union using the Kimball aggregator, too, so that there is
some monopoly power over wages, which results in an explicit wage equation. Labor packers
buy the labor from the unions and resell it to the intermediate goods producer in a perfectly
competitive environment. Sticky wages ï£¡ la Calvo are additionally assumed. The Calvo
model in both wage and price setting is augmented by the assumption that prices that can not
be freely set, are partially indexed to past inﬂation rates.
• Shocks: A total factor productivity shock, a risk premium shock, an investment-speciﬁc tech-
nology shock, a wage and a price mark-up shock and two policy shocks: the common ﬁscal
policy shock entering the government spending equation and the common monetary policy
shock.
• Calibration/Estimation: The model is estimated for the U.S. with Bayesian techniques for the
period 1966:1–2004:4 using seven key macroeconomic variables: real GDP, consumption, in-
vestment, the GDP deﬂator, real wages, employment and the nominal short-term interest rate.
• Replication: We replicated the impulse response functions to a positive one standard deviation
monetary policy shock in Figure 6 of Smets and Wouters (2007). The variables include output,
hours, quarterly inﬂation and the interest rate.
B.2.5 US_ACEL: CEE/ACEL by Altig et al. (2005)
Thepurposeoftheauthorsistobuildamodelwithoptimizingagentsthatcanaccountfortheobserved
inertia in inﬂation and persistence in output (Christiano et al., 2005). In the version by Altig et al.
(2005) ﬁrm-speciﬁc capital is introduced to get a Calvo parameterconsistentwith the microeconomic
evidence of price re-optimizations on average once every 1.5 quarters. The Modelbase contains four
different speciﬁcations of the CEE/ACEL model, labeled by m = monetary policy shock, t = technol-
ogy shock and sw = SW assumptions, i.e. no cost channel and no timing constraints as in Taylor and
Wieland (2009).
• Aggregate Demand: The representative household’s utility is separable in consumption and
leisure and allows for habit formation in consumption. Expected-lifetime utility is maximized,
choosing optimal consumption and investment, as well as the amount of capital services sup-
plied to the intermediate ﬁrms (homogenouscapital model)and portfolio decisions. Investment
67adjustment costs are introduced. Furthermore, the household determines the wage rate for its
monopolistically supplied differentiated labor services whenever it receives a Calvo signal. In
those periods, in which it does not receive a signal, the wage is increased by the lagged inﬂa-
tion rate augmented by the steady state growth rate of a combination of the neutral technology
shock and the shock to capital embodied technology. Labor services are sold to a competitive
ﬁrm that aggregates the differentiated services and supplies the resulting aggregated labor to
the intermediate goods ﬁrms.
In the ﬁrm-speciﬁc capital model, the capital stock is owned by the ﬁrms.
• Aggregate Supply: The ﬁnal consumption good is produced under perfect competition using
differentiated intermediate goods as inputs. Each intermediate good is producted by a mo-
nopolist employing capital (which is ﬁrm-speciﬁc in one variant of the model) and labor ser-
vices. The production function is augmentedby a technologyshock. Capital is pre-determined.
Hence, if capital is ﬁrm-speciﬁc, marginal costs depend positively on the ﬁrm’s output level.
Furthermore, it is assumed that the monopolistic ﬁrms have to pay the wage bill in advance
which requires borrowing from a ﬁnancial intermediary. Nominal frictions are introduced in
the form of Calvo sticky prices. Non-reoptimizing ﬁrms index their prices to previous periods
inﬂation.
• Shocks: The common monetary policy shock, a neutral technology shock and an investment
speciﬁc technology shock.
• Calibration/Estimation: The model has been estimated by matching the empirical impulse re-
sponse functions to a monetary policy shock in a ten variable VAR with the theoretical impulse
responses from the model to a monetary policy shock. Quarterly U.S. data from 1959:Q2–
2001:Q4 is used.
• Replication: Using the US_ACELm model we replicated the impulse response functions for
annualized quarterly inﬂation, output, annualized quarterly money growth and the annualized
quarterly interest rate to a one standard deviation monetary policy shock.
B.2.6 US_NFED08: Edge et al. (2008)
The US_NFED08 is a version of the medium-scale closed economy model as in Edge et al. (2008)
usedfor estimation in Wieland and Wolters (2011). In this model, speciﬁcationsregardingproduction
and expendituresare motivatedby the long-run andcyclical propertiesobservedin the U.S. data. Pro-
duction sectors in Edge et al. (2008) differ in the rate of the technological growth while expenditures
are categorized as business spending and household spending. The model as in Edge et al. (2008) is
68used at the Federal Reserve Board as a complimentary model for policy analysis along FRB/US and
other small models.
• Aggregate Demand: Households derive utility from four sources: purchases of the consumer
non-durablegoodsandnon-housingservices,theﬂowofservicesfrom theirrentalofconsumer-
durable capital, the ﬂow of services from their rental of residential capital, and leisure. Internal
habit persistence is present in all three components of consumption. Households supply dif-
ferentiated labor to two production sectors. They face quadratic wage adjustment costs when
setting wages. Furthermore, theyface additionalcosts whenchangingthe mix of labor supplied
to each of the production sectors. The consumption components and the disutility from labor
are subject to speciﬁc AR(1) aggregate shocks.
• Aggregate Supply: There are two production sectors in this model, differing on what type of
ﬁnal goods and services they are producing. One of the sectors (comprised of businesses and
institutions) produces slow-growing “consumption” goods and services while the other sector
(only businesses) produces fast-growing “capital” goods. Final goods are an aggregate (us-
ing Dixit-Stiglitz technology) of sector-speciﬁc differentiated intermediate goods. The latter
are produced by intermediate goods producers by combining aggregated labor with utilized
non-residential capital in a Cobb-Douglas production function. Labor input for each sector
is aggregated using Dixit-Stiglitz technology. The level of productivity in the Cobb-Douglas
production function has a common and a sector speciﬁc factor. Based on historical data for the
U.S., fastertechnologicalprogressforcapital-speciﬁcgoodsis assumed. Pricesettingdecisions
(under price adjustment costs) of intermediate goods ﬁrms deliver a New Keynesian Phillips
curve with backward and forward-looking terms. Capital owners choose how much residen-
tial capital, non-residential capital and consumer durables will be invested in each production
sector. These decisions are subject to investment and capital adjustment costs. In addition, the
decision for the utilization of non-residential capital is subject to utilization costs.
• Shocks: A shock to preferences over durables, a shock to preferences over non-durables and
non-housing services, a shock to preferences over residential capital, a shock to preferences
over leisure, a shock to efﬁciency of investment in non-residential capital, a shock to efﬁciency
of investment in residential capital, a shock to efﬁciency of investment in consumer durable
goods, a mark-up shock, a shock to the elasticity of substitution between the differentiated
intermediate goods inputs, an economy-wide productivity shock, a sector speciﬁc productivity
shock, an intermediate labor substitution shock, a labor substitution shock, a monetary policy
shock.
69• Calibration/Estimation: Estimated with Bayesian methods, using quarterly U.S. data for the
period 1984:Q1–2004:Q4.
B.2.7 US_RS99: Rudebusch and Svensson (1999)
Rudebusch and Svensson (1999) set up a simple linear model of the U.S. economy which is used to
examine the performance of different policy rules taking into account an inﬂation targeting monetary
policy regime. The model equations are backward looking.
• Aggregate Demand: An IS curve relates the output gap to its own lags and the difference
between the average federal funds rate and the average inﬂation rate over the current and three
preceding quarters.
• Aggregate Supply: Phillips curve of the accelerationist form.
• Shocks: A cost-push shock, a demand shock and the common monetary policy shock.
• Calibration/Estimation: Themodelequationsareestimatedindividuallybyordinaryleastsquares
for U.S. data. The sample period comprises 1961:1-1996:2.
B.2.8 US_OR03:Orphanides (2003)
Orphanides(2003)conductsa counterfactualanalysisbasedon thehistoricalexperienceoftheUnited
States economy to give an example of the difﬁculties in identifying robust policy strategies. The
counterfactual analysis gives an insight how inﬂation and the output gap would have evolved from
the 1960s to the 1990s if the Federal Reserve had actually followed two distinct activist monetary
policy rules taking into account the difference between realistic and non-realistic assumptions on the
availability of information on the output gap.
• Aggregate demand: The demand side of the structural model of the economy is represented by
an IS equation which relates the output gap to its own lags, lags of inﬂation and the federal
funds rate.
• Aggregate supply: The supply side is represented by an accelerationist form of the Philips
curve with an adaptive representation of inﬂation expectations.
• Shocks: A cost-push shock, a demand shock and the common monetary policy shock.
• Calibration/estimation: The Aggregate Demand and Aggregate Supply equation are estimated
in a setup that can be interpreted as a mildly restricted structural vector autoregression (VAR)
of up to four lags estimated using quarterly data from 1960 to 1993.
70B.2.9 US_PM08 and US_PM08ﬂ: Carabenciov et al. (2008)
Carabenciov et al. (2008) design and estimate two versions of a small projection model for the U.S.
economy: one with ﬁnancial real linkages, US_PM08ﬂ and one without, US_PM08. These models
are part of the IMF research agendain developinga Small Quarterly Global Projection Model (GMP)
which consists of many small country models integrated into a single global market. Both versions
of the model consist of few behavioral equations, focusing on the joint determination of output,
unemployment, inﬂation and the federal funds rate.
• Aggregate Demand: The behavioral IS curve relates the output gap to its past and expected
future value, to the past value of the short interest rate gap and to a disturbance term. This
speciﬁcation allows for inertia and persistent effects of the shocks. In the model with ﬁnancial
linkages, US_PM08ﬂ, the output gap is a function of a ﬁnancial variable as well, constructed
using information from FED’s quarterly Senior Loan Ofﬁcer Opinion Survey on Bank Lend-
ing Practices. This variable enters in the form of a shock and it is supposed to reﬂect the
bank lending conditions (tightening or loosening). Thus, if lending conditions are tighter than
anticipated, the effect will be a lower output gap and a weaker economy.
• Aggregate Supply: In the Phillips curve equation, inﬂation is linked to its past and expected
future values, to the lagged output gap and a disturbance term. This representation reﬂects
the way agents set their prices: a share of them uses indexation to past inﬂation and others
are forward looking. These expectations are based on model-consistent estimates of future
inﬂation.
• Shocks: A shock to the level and the growth rate of potential output, a shock to the level
and the growth rate of the equilibrium rate of unemployment, a shock to the equilibrium real
interest rate. In the model with ﬁnancial linkages, US_PM08ﬂ, a ﬁnancial shock is introduced
in addition and cross correlations of the error terms between certain shocks are allowed.
• Calibration/Estimation: Both models are estimated with Bayesian techniques, using U.S. quar-
terly data over the period 1994:Q1–2008:Q1.
B.2.10 US_DG08: DeGraeve (2008)
DeGraeve (2008) uses a medium-scale New Keynesian model like in Smets and Wouters (2007)
enriched with ﬁnancial frictions as in Bernanke et al. (1999) to estimate and explore the role of the
externalﬁnancepremium in propagatingshocksfor the U.S. economy. Conditionalon certain shocks,
he ﬁnds that a framework with ﬁnancial frictions and investment adjustment costs may give rise to a
ﬁnancial “decelerator”.
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utility function, non-separable in consumption and leisure, subject to an intertemporal budget
constraint. Preferences for consumption are subject to habit persistence. They own ﬁrms, hold
ﬁnancial wealth in the form of one-period, state-contingent bonds and supply labor monopolis-
tically. Wage stickiness is introduced via the Calvo framework.
• Aggregate Supply: Apart from the intermediate and ﬁnal goods ﬁrms as in Smets and Wouters
(2007), a ﬁnancial intermediary, capital goods producers and entrepreneurs are introduced in
the model to match the structure as in Bernanke et al. (1999) and Christiano, Motto, and Ros-
tagno(2003). Intermediate goodsﬁrms facepricerigidity ala Calvowhile capitalgoodproduc-
ers face convex investment adjustment costs. On the other side, the presence of entrepreneurs
and the ﬁnancial intermediary brings ﬁnancial frictions into play. Entrepreneurs borrow from
ﬁnancial intermediaries to buy capital (from capital producers), decide on capital utilization,
rent capitalservicesto intermediate goodsﬁrms and sellnon-depreciatedcapital backto capital
producers. However, after the purchaseof the capital stock, entrepreneursare hit by an idiosyn-
cratic shock, observable only by them. This leads to the costly state veriﬁcation framework a
la Bernanke et al. (1999), giving raise to extra costs, above the risk-free rate. The optimal con-
tract between entrepreneurs and the ﬁnancial intermediary leads to an aggregate relationship of
the spread between the external ﬁnance costs and the risk-free rate and entrepreneurs’ﬁnancial
conditions represented by the leverage ratio.
• Shocks: A preference shock, a labor supply shock, a total factor productivity shock, an invest-
ment technology shock, a government spending shock, an inﬂation target shock, a monetary
policy shock, a wage and price mark-up shock.
• Calibration/Estimation: The model is estimated using Bayesianmethods on quarterly U.S. data
for the period 1954:Q1–2004:Q4.
B.2.11 US_CD08: Christensen and Dib (2008)
Christensen and Dib (2008) develop and estimate a DSGE model characterized by price stickiness,
capital adjustment costs and ﬁnancial frictions with the aim of evaluating the importance of the ﬁ-
nancial accelerator in the ampliﬁcation and propagation of the effects of the transitory shocks to the
U.S. economy. US_CD08 is a closed economy model like in Ireland (2003) enriched with ﬁnancial
frictions as in Bernanke et al. (1999). The model is estimated in two versions, with and without the
ﬁnancial accelerator mechanism.
• AggregateDemand: Therepresentativehouseholdderivesutility fromconsumption,realmoney
balances and leisure. Consumption and real balances are subject to a preference shock and a
72moneydemandshock,respectively. Thehouseholdkeepsdepositsat the ﬁnancialintermediary,
supplies labor to the entrepreneurs and earns dividends from retailer ﬁrms.
• Aggregate Supply: The production sector is comprised of entrepreneurs, capital producers and
retailers. The set up introducing the ﬁnancial frictions is similar to Bernanke et al. (1999),
apart from the fact that the debt contracts in Christensen and Dib (2008) are written in terms of
the nominal interest rate. This speciﬁcation allows for debt inﬂation effects, as unanticipated
changes in inﬂation will affect the real cost of debt payment and the entrepreneurial net worth.
Entrepreneurs borrow from ﬁnancial intermediaries to buy capital from capital producers and
produce intermediate goods. Due to asymmetric information between the entrepreneurs and ﬁ-
nancialintermediaries, the demand for capital is dependenton the entrepreneurs’ﬁnancialcon-
ditions. Capital producers combine efﬁcient investment goods and existing capital to produce
new capital, subject to capital adjustment costs, which slow down the response of investment
to different shocks. On the other side, retailers buy wholesale goods from entrepreneurs, dif-
ferentiate them at no cost and sell them in a monopolistic competitive market, subject to price
stickiness as in Calvo (1983) and Yun (1996).
• Shocks: A preference shock, a money demand shock, a technologyshock, an investment shock
and a monetary policy shock.
• Calibration/Estimation: The model is estimated using a maximum-likelihood procedure with
Kalman ﬁlter on quarterly U.S. data for the period 1979:Q3–2004:Q3.
B.2.12 US_IAC05: Iacoviello (2005)
Iacoviello (2005) develops a New Keynesian model with nominal and ﬁnancial frictions, where debt
contracts are written in nominal terms and some agents face collateral constraints tied to housing
values. This gives rise to an accelerator effect for demand shocks and a decelerator effect for supply
shocks. The model can match the response of the aggregate demand to housing price shocks and the
hump-shaped dynamics of output to inﬂation surprises, observed from U.S. data.
• Aggregate Demand: There are two types of households, the “patient” and the “impatient”
ones. Theyboth deriveutility from consumption,holdingsofhousing, realmoneybalancesand
leisure. Howeverthey discount the future differently, with the impatient household discounting
the future more heavily. This speciﬁcation induces the impatient household to face borrowing
constraints, consistent with standard lending criteria used in the mortgage market where the
borrowing is limited to a fraction of the housing value. For both types of households, the
holding of housing is subject to housing adjustment costs.
73• Aggregate Supply: Entrepreneurs produce a homogeneous intermediate good using a Cobb-
Douglas technology with labor from both types of households, capital and real estate as inputs.
Housing and variable capital are subject to adjustment costs. Following Kiyotaki and Moore
(1997), a limit on the obligation of the entrepreneurs is assumed. Entrepreneurs discount the
future more heavily than the patient households. Both assumptions assure that the borrowing
constraint is binding for entrepreneurs. In addition there are retailers who buy the intermediate
goods from the entrepreneur, differentiate them at no cost and sell them at a price that can be
re-optimized every period only with a certain probability. The optimization problem of the
retailers yields a forward-looking Phillips curve.
• Shocks: A housing preference shock, an inﬂation shock, a technology shock and a monetary
policy shock.
• Calibration/Estimation: A mixture of calibrated and estimated parameters. Estimation of pa-
rameters is done by minimizing a measure of the distance between the VAR impulse responses
and model responses, using quarterly U.S. data for the period 1974:Q1–2003:Q2.
B.2.13 US_MR07: Mankiw and Reis (2007)
Mankiw and Reis (2007) develop a general equilibrium model where rigidities come from the fact
that agents are inattentive and do not update information regularly when setting prices, wages and
deciding on consumption. US_MR07 is a model with information stickiness. Estimation of the
model using U.S. data conﬁrmsthe presenceof such rigidities, especiallyfor consumersand workers.
• Aggregate Demand: Inﬁnitely lived households are of two types: consumers and workers.
Their utility function is additively separable in consumption and leisure. They are able to save
and borrow by trading bonds between themselves. Workers choose how much to work and
what wage to charge for the particular variety of labor over which they hold a monopoly. Both
consumers and workers take decisions but only a fraction of them, randomly drawn from their
respective population, obtain new information and can re-optimize their actions. If they obtain
new information, they revise their plans for future consumption and labor supply, respectively.
Both, the aggregatedemand(IS equation)andthe equationofwages,dependon the sumof past
expectations of current economic conditions, reﬂecting the fact that households have different
sets of information. The stickier the information is (low share of informed households), the
smaller the impact of shocks on spending and wages, since fewer consumers and workers are
aware of them. The natural (long-run) equilibrium corresponds to a situation where all agents
are perfectly informed.
74• Aggregate Supply: Firms produce output using labor and sell their differentiated goods in a
monopolistic competitive market. Firms are constrained in information gathering in the same
fashion as households. Each period, a fraction of ﬁrms, randomly drawn from the population,
obtainsnewinformation andrecalculatesthe optimalprice. Theoptimizing processof theﬁrms
leads to a Phillips curve equation where the price level is determined as a sum of past expecta-
tions of current economic conditions (prices, output, marginal costs, technology shocks). The
summation captures the fact that ﬁrms have different sets of information. Shocks to the vari-
ables in the Phillips curve equation will have gradual effects as some ﬁrms remain unaware of
these shocks and only react to them once they update their information set.
• Shocks: A mark-up good shock, a mark-up labor shock, a government shock, a technology
shock and a monetary policy shock.
• Calibration/Estimation: Estimated with maximum likelihood and Bayesian methods, using
quarterly U.S. data for the period 1954:Q3–2006:Q1.
B.2.14 US_RA07: Rabanal (2007)
Rabanal (2007) incorporates a cost channel of monetary transmission into an otherwise standard
medium-scale New Keynesian DSGE model by assuming that a fraction of ﬁrms need to borrow
money to pay their wage bill prior to their sales receipts. The model is estimated on US data in order
to analyze whether the cost channel empirically accounts for the so-called price puzzle.
• Aggregate Demand: Households obtain utility from consuming the ﬁnal good and disutility
from supplying labor, they own intermediate ﬁrms, lend capital services to ﬁrms and make
investment and capital utilization decisions. Moreover, their utility function displays external
habit formation. Capital is predetermined at the beginning of a period, but households can
adjust its utilization rate subject to adjustment costs. Financial markets are assumed to be
complete.
• Aggregate Supply: Intermediate good producers combine labor and capital services to produce
their goods while taking the capital utilization rate decision of households as given. A fraction
of intermediate good producers have to pay their wage bill every period before they sell their
product. These ﬁrms borrow at the riskless nominal interest rate. Goods and labor markets
are characterized by monopolistic competition. Prices and wages are set in a staggered way,
following the formalism of Calvo (1983). Indexation to last period’s average inﬂation rate is
assumed for ﬁrms and households whenever they are not allowed to reoptimize. A continuum
of ﬁnal good producers operating under perfect competition uses intermediate goods for the
production of ﬁnal goods.
75• Shocks: Fourorthogonalstructuralshocksare introducedin the model. Thegovernmentspend-
ing and technologyshocksfollow an AR(1) process. The monetary and the price markup shock
are assumed to be iid processes.
• Calibration/Estimation: The model is estimated using Bayesian techniques on quarterly US
data. The data set used comprises four key macroeconomic variables: real output, real wage,
inﬂation rate and the nominal interest rate over the period 1959:Q1–2004:Q4.
B.2.15 US_IR11: Ireland (2011)
Ireland (2011) estimates a New Keynesian model for the US economy in order to compare the Great
Recession of 2007-09 with its two immediate predecessors, the milder recessions of 1990-91 and
2001.
• Aggregate Demand: The utility function of the representative household is additively separable
in consumption, real money balances and hours worked, and features habit formation in con-
sumption. The household enters each period with money and bonds. At the beginning of each
period, it receivesalump-sum nominaltransferfrom thecentralbank. Moreover,the household
decides about the purchase of new bonds, the supply of labor and the consumption of ﬁnished
goods. At the end of each period, the household receives nominal dividend payments resulting
from the ownership of intermediate-goods-producing ﬁrms.
• Aggregate Supply: During each period, the representative intermediate-goods-producing ﬁrm
hires labor to manufacture intermediate goods according to a constant-return-to-scale technol-
ogy. The representative intermediate-goods-producing ﬁrm has monopolistic power, acting as
a price-setter. However, price setting is subject to Rotemberg quadratic adjustment costs. The
intermediate goods are then used by the ﬁnished-goods-producing ﬁrms to manufacture ﬁnal
goods under perfect competition.
• Shocks: An AR(1) preference shock, a cost-push shock in form of a shock to the price mark
up, a technology shock that follows a random walk with drift and a monetary policy shock.
• Calibration/Estimation: The model is estimated via maximum likelihood using U.S. quarterly
data on output growth, the inﬂation rate and the short-term nominal interest rate overthe period
1930:Q1–2009:Q4.
76B.3 Estimated Euro Area Models
B.3.1 EA_CW05: Coenen and Wieland (2005)
Coenen and Wieland (2005) develop a small-scale macroeconomic model for various staggered pric-
ing schemes. We use a version with the nominal contract speciﬁcation of Taylor (1980), labeled
EA_CW05ta, and a version with the relative real wage contract speciﬁcation of Fuhrer and Moore
(1995a), labeled EA_CW05fm.
• Aggregate Demand: The aggregate demand equation is backward looking: two lags of ag-
gregate demand (should account for habit persistence in consumption, adjustment costs and
accelerator effects in investment) and one lag of the long-term interest rate (allows for a trans-
mission lag of monetary policy). The long-term nominal interest rate is an average of expected
future nominal short-term rates. The long-term real rate is determined by the Fisher equation.
• Aggregate Supply: As in US_FM95 and US_OW98.
• Shocks: A demand shock, a contract wage shock and the common monetary policy shock.
• Calibration/Estimation: Themodel hasbeenestimatedon datafrom the ECB AreaWide Model
data set from 1974:1–1998:4. The contract wage speciﬁcations have been estimated by a lim-
itedinformationindirectinferencetechniquewhiletheISequationhasbeenestimatedbymeans
of the GMM.
• Replication: We replicated the impulse response functions of annual inﬂation and the output
gap to a 100bps temporary unanticipated rise in the nominal short term rate in the upper panel
of Figure 7 of Kuester and Wieland (2005) for both versions of the model.
B.3.2 EA_AWM05: Area Wide model linearized by Dieppe, Kuester and McAdam (2005)
The model is described in Fagan, Henry, and Mestre (2005). It was one of the ﬁrst models to treat
the Euro area as a single economy. In the Modelbase we use the linearized version from Dieppe,
Kuesterand McAdam (2005)that is also usedin Kuesterand Wieland (2005). The EA_AWM05 is an
open economy model of the Euro area. Expectation formation is largely backward-looking. Activity
is demand-determined in the short-run but supply determined in the long-run with employment hav-
ing converged to a level consistent with the exogenously given level of equilibrium unemployment.
Stock-ﬂow adjustments are accounted for, e.g., the inclusion of a wealth term in consumption.
• AggregateDemand: Demandis disaggregatedinto privateconsumption,governmentconsump-
tion, investment, variation of inventories, exports, and imports. The term structure (12-year
bond) is forward-looking. Private consumption is speciﬁed as a function of households’ real
77disposable income and wealth, where the latter consists of net foreign assets, public debt and
the capital stock. The change in the log of the investment/output ratio depends on the real in-
terest rate, the real GDP/capital stock ratio and the lagged investment/output ratio. The authors
stress that this investment equation represents the key channel through which interest rates
affect aggregate demand. Government consumption is treated as exogenous.
• Aggregate Supply: Output follows a whole economy production function. Short-run employ-
ment dynamics are driven by output growth and real wages. The deﬂator for real GDP at factor
costs, which according to Fagan et al. (2005) is the key price index of the model, is a function
of unit labor costs, import prices, the output gap and inﬂation expectations. The growth rate of
wages depends on consumer price inﬂation, productivity and the unemployment gap, deﬁned
as the deviation of the current unemployment rate from the NAIRU.
• Foreign sector: Besides extra-area ﬂows, exports and imports also include intra-area ﬂows.
World GDP and world GDP deﬂator are treated as exogenous variables. The exchangerate is a
forward-looking variable determined by uncovered interest rate parity.
• Shocks: Employment shock, factor cost-push shock, private consumption cost-push shock,
gross investment cost-push shock, gross investment shock, exports cost-push shock, imports
cost-push shock, private consumption shock, term structure shock, common ﬁscalpolicy shock
and common monetary policy shock.
• Calibration/Estimation: EstimationonEuroareadataequationbyequationfrom1970:1–1997:4,
whereas the estimation period of some equations starts later, but not later than 1980:1.
• Replication: We replicated the impulse response functions of annual inﬂation and the output
gap to a 100bps temporary unanticipated rise in the nominal short term rate in the upper panel
of Figure 7 of Kuester and Wieland (2005).
B.3.3 EA_SW03: Smets and Wouters (2003)
The EA_SW03 model of Smets and Wouters (2003) is a medium-scaleclosed economyDSGE model
with various frictions and estimated for the Euro area with Bayesian techniques.
• Aggregate Demand: Households maximize their lifetime utility, where the utility function is
separable in consumption, leisure and real money balances, subject to an intertemporal budget
constraint. Smets and Wouters (2003) include external habit formation to make the consump-
tion response in the model more persistent. Households own ﬁrms, rent capital services to
ﬁrms and decide how much capital to accumulate given certain capital adjustment costs. They
78additionally hold their ﬁnancial wealth in the form of cash balances and one-period, state-
contingent bonds. Exogenous spending is introduced by a ﬁrst-order autoregressive process
with an iid-normal error term.
• Aggregate Supply: The ﬁnal goods, which are produced under perfect competition, are used
for consumption and investment by the households and by the government. The ﬁnal goods
producer maximizes proﬁts subject to a Dixit-Stiglitz aggregator of intermediate goods, which
introduces monopolistic competition in the market for intermediate goods and features a con-
stant elasticity of substitution between individual, intermediate goods. A continuum of inter-
mediate ﬁrms produce differentiated goods using a production function with Cobb-Douglas
technology and ﬁxed costs and sell these goods to the ﬁnal-goods sector. They decide on labor
and capital inputs, and set prices according to the Calvo model. Labor is differentiated over
households using the Dixit-Stiglitz aggregator, too, so that there is some monopoly power over
wages, which results in an explicit wage equation. Sticky wages a la Calvo are additionally
assumed. The Calvo model in both wage and price setting is augmented by the assumption that
prices that can not be freely set, are partially indexed to past inﬂation rates.
• Shocks: Ten orthogonalstructural shocksare introducedin the model. Threepreferenceshocks
in the utility function: a general shock to preferences, a shock to labor supply and a money de-
mand shock. Two technology shocks: an AR(1) process with an iid shock to the investment
cost function and a productivity shock to the production function. Three cost push-shocks:
shocks to the wage and price mark-up, which are iid around a constant and a shock to the re-
quired rate ofreturn onequity investment. Andﬁnally two monetarypolicyshocks: a persistent
shock to the inﬂation objective and a temporary common monetary policy shock. In addition,
the common ﬁscal policy shock is added in the form of a government spending shock. Since
governmentspendingis expressedin output units, we set the coefﬁcientwhich scales the shock
to unity to achieve a shock size of one percent of GDP.
• Calibration/Estimation: The model is estimated using Bayesian techniques on quarterly Euro
area data. The data set used is comprised of seven key macroeconomic variables consisting of
real GDP, real consumption, real investment, the GDP deﬂator, real wages, employment and
the nominal interest rate over the period 1970:1–1999:4.
• Replication: We replicated the impulse response functions of annual inﬂation and the output
gap to a 100bps temporary unanticipated rise in the nominal short term rate in the upper panel
of Figure 7 of Kuester and Wieland (2005).
79B.3.4 EA_SR07: Euro Area Model of Sveriges Riksbank, Adolfson et al. (2007)
Adolfson et al. (2007) develop an open economy DSGE model and estimate it for the Euro area
using Bayesian estimation techniques. They analyse the importance of several rigidities and shocks
to match the dynamics of an open economy.
• Aggregate Demand: Households maximize lifetime utility subject to a standard budget con-
straint. Preferences are separable in consumption, labor and real cash holdings. Persistent
preference shocks to consumption and labor supply are added to the representative utility func-
tion. Internal habit formation is imposed with respect to consumption. Aggregate consumption
is speciﬁed as a CES function, being composed of domestically produced as well as imported
consumption goods. Households rent capital to ﬁrms. Capital services can be increased via
investment and via an increase in the capital utilization rate, where both options are involved
with costs. Total investment in the domestic economy is represented by a CES aggregate con-
sisting of domestic and imported investment goods. Households are assumed to be able to
save through acquiring domestic bonds and foreign bonds in addition to holding cash and ac-
cumulating physical capital. A premium on foreign bond holdings assures the existence of a
well-deﬁned steady state. Households monopolistically supply a differentiated labor service.
Wage stickiness is introduced in the form of the Calvo model augmented by partial indexation.
Government consumption of the ﬁnal domestic good is ﬁnanced via taxes on capital income,
labor income, consumption and payroll. Any surplus or deﬁcit is assumed to be carried over as
a lump-sum transfer to households.
• Aggregate Supply: The ﬁnal good is produced via a CES aggregator using a continuum of
differentiated intermediate goods as inputs. The production of intermediate goods requires
homogeneous labor and capital services as inputs and is affected by a unit-root technology
shock representing world productivity as well as a domestic technology shock. Fixed costs
are imposed such that proﬁts are zero in steady state. Due to working capital, (a fraction of)
the wage bill has to be ﬁnanced in advance of the production process. Price stickiness of
intermediate goods is modeled as in the Calvo (1983) model. In addition, partial indexation to
the contemporaneous inﬂation target of the central bank and the previous periods inﬂation rate
is included for those ﬁrms that do not receive a Calvo signal in a given period. This results in a
hybrid new Keynesian Phillips curve.
• Foreign sector: Importing ﬁrms are assumed to buy a homogeneous good in the world market
and differentiate it to sell it in the domestic market. Similarly, exporting ﬁrms buy the ho-
mogeneous ﬁnal consumption good produced in the domestic economy and differentiate it to
sell it abroad. Speciﬁcally, the differentiated investment and consumption import goods are
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goods. Calvo pricing is also assumed for the import and export sector, allowing for incomplete
exchange rate pass-through in the short run. The foreign economy is described by an identiﬁed
VAR model for foreign prices, foreign output and the foreign interest rate.
• Shocks: Unit root technology shock, stationary technology shock, investment speciﬁc technol-
ogy shock, asymmetric technology shock, consumption preference shock, labor supply shock,
risk premium shock,domesticmark-upshock,imported consumptionmark-upshock,imported
investment mark-up shock, export mark-up shock, inﬂation target shock, the common mone-
tary policyshock,shocksto the four differenttax rates anda governmentspendingshockwhich
represents the common ﬁscal policy shock and which we have adjusted so that we achieve a
shock size of one percent of GDP.
• Calibration/Estimation: The model is estimated using Bayesian estimation techniques for the
Euro area using quarterly data from 1970:1–2002:4 in order to match the dynamics of 15 se-
lected variables. According to the authors, they calibrated those parameters that should be
weakly identiﬁed by the 15 variables used for estimation.
• Replication: We replicated the impulse response functions for annualized quarterly inﬂation,
output,employmentandtheannualizedinterestratetoaonestandarddeviationmonetarypolicy
shock in Figure 3 of Adolfson et al. (2007).
B.3.5 EA_QUEST3: Ratto et al. (2009)
Ratto et al. (2009) develop and estimate an open economy DSGE model for the euro area with em-
phasis on monetary and ﬁscal rules, in order to explore their stabilization properties. The role of
ﬁscal policy is explored in an environment with rules for government consumption, investment and
transfers and with ﬁnancial frictions in the form of liquidity-constrained households.
• AggregateDemand: Therearetwotypesofhouseholds: liquidity-andnon-liquidity-constrained
households. They posses the same utility function, non-separable in consumption and leisure
with habit persistence in both consumption and leisure. Liquidity-constrained households do
notoptimize,theyjustconsumetheirlaborincome. Ontheotherside,non-liquidity-constrained
households have access to domestic and foreign currency denominated assets, accumulate cap-
ital subject to investment adjustment costs and rent it to ﬁrms, earn proﬁts from owning the
ﬁrms and pay taxes. Income from foreign ﬁnancial assets is subject to an external ﬁnancial
intermediation risk premium while real asset holdings are subject to an equity risk premium.
Both types of households supply differentiated labor to a trade union which sets the wages by
maximizing their joint utility (weighted by the share of each type). The wage setting process
81is subject to a wage mark-up and to slow adjustments in the real consumption wage. The wage
mark-up arises because of wage adjustment costs and the fact that a part of workers index the
growth rate of wages to past inﬂation.
• Aggregate Supply: The ﬁnal goods, which are produced from monopolistically competitive
ﬁrms, are used for household consumption, investment, government consumption and export.
These goods are produced with a Cobb-Douglas production function with capital and produc-
tion workers (labor adjusted for overhead labor) as inputs. These ﬁrms face technological and
regulatory constraints, restricting their price setting, employment and capacity utilization deci-
sions. Theﬁnalgoodsproducermaximizesproﬁtssubjectto thesespeciﬁcadjustmentcosts(all
having convex functional forms) and demand conditions. Investment good producers combine
domestic and foreign ﬁnal goods using a CES aggregator to produce investment goods which
are sold to non-liquidity-constrained households in a perfectly competitive market.
• The Foreign Sector: Demand behavior is considered the same for the home country and the
rest of the world, therefore export demand and import demand are symmetric. Both equations
are characterizedby a lag structure in relative prices which captures delivery lags. Export ﬁrms
buy domestic goods, transform them using a linear technology and sell them in the foreign
market, charging a mark-up over the domestic prices. The same situation is faced by importer
ﬁrms. Mark-up ﬂuctuations arise because of price adjustment costs in both sectors. Mark-up
equations are given as a function of past and future inﬂation and are also subject to random
shocks.
• Shocks: Awagemarkupshock,apricemark-upshock,amonetarypolicyshock,a ﬁscalpolicy
shock, world demand shock, a risk premium shock, a technology shock, an investment shock,
a consumption shock, a trade shock, a labor demand shock, a foreign monetary policy shock.
• Calibration/Estimation: Estimated with Bayesian methods, using quarterly data for the euro
area for the period 1981:1–2006:1.
B.3.6 EA_GE10: Gelain (2010)
The model of Gelain (2010) incorporates ﬁnancial frictions à la Bernanke et al. (1999) into a New
Keynesian DSGE model which closely follows the structure of the model developed in Smets and
Wouters (2003). The structural model allows for a dynamic analysis of the external ﬁnancepremium.
Thepapershowsthattheestimatedpremiumis notnecessarilycountercyclicalassuggestedbyformer
studies on the Euro Area external ﬁnance premium. In the presence of certain shocks the premium
responds procyclically.
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choosing the level of consumption, hours worked and the amount of bank deposits, subject to a
budget constraint. The household’s consumption preferences exhibit habit formation.
• Aggregate Supply: Each household is a monopolistic supplier of differentiated labor services
requested by the domestic ﬁrms. After setting their wages in a Calvo staggered way, house-
holds inelastically supply the ﬁrms’ demand for labor at the ongoing wage rate. An indexation
rule is assumed for those households who are not allowed to re-optimize.
The production sector consists of three types of ﬁrms: entrepreneurs, capital producers and
retailers. Entrepreneurs hire labor from households and buy capital from capital producers
to produce intermediate goods using a Cobb-Douglas production technology. Entrepreneurs
have a ﬁnite expected lifetime horizon. The capital purchases are ﬁnanced partly by the en-
trepreneur’s net worth and partly by borrowing from a ﬁnancial intermediary. The presence
of asymmetric information between entrepreneurs and lenders creates a ﬁnancial friction as in
Bernanke et al. (1999). Entrepreneurs can reoptimize their prices only from time to time, as in
Calvo (1983).
Capital producers buy ﬁnal goods to produce capital subject to investment adjustment costs.
Retailers operate in a perfectly competitive market, they use a Dixit-Stiglitz technology using
the entrepreneurs’ intermediate goods as inputs.
• Shocks: The model exhibits eight shocks. Two preference shocks, a shock to investment ad-
justment costs, a technology shock in entrepreneurs’ production function, a wage and a price
mark up shock, a government spending shock and a monetary policy shock.
• The model is estimated using Bayesian techniques on quarterly Euro Area data for 1980:Q1 to
2008:Q3. The data set used is comprised of sevenkey macroeconomicvariables aggregatedfor
the Euro Area consisting of real GDP, real consumption, real gross investment, hours worked,
the nominal short term interest rate, real wages per head and inﬂation rate.
B.4 Estimated/Calibrated Multi-Country Models
B.4.1 G7_TAY93: Taylor (1993b) G7 countries
Taylor (1993b) describes an estimated international macroeconomicframework for policy analysis in
the G7 countries: USA, Canada, France, Germany, Italy, Japan and the UK. The model consists of
98 equations and a number of identities. This model was the ﬁrst to demonstrate that it is possible
to construct, estimate, and simulate large-scale models for real-world policy analysis (Yellen, 2007).
Taylor (1993b) argues that a multicountry model is appropriate for the evaluation of policy questions
like the appropriate mix of ﬁscal and monetary policy or the choice of an exchange rate policy.
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For example, spending on ﬁxed investment is separated into three components: equipment,
nonresidential structures, and residential construction. The speciﬁcation of these equations is
very similar to that of the more aggregated equations in the US_OW98 model. The aggre-
gate demand components exhibit partial adjustment to their respective equilibrium levels. In
G7_TAY93, imports follow partial adjustment to an equilibrium level that depends on U.S.
income and the relative price of imports, while exports display partial adjustment to an equilib-
rium level that depends on foreign output and the relative price of exports. Uncovered interest
rateparity determineseachbilateral exchangerate(uptoatime-varyingriskpremium); e.g.,the
expected one-period-ahead percent change in the DM/U.S.$ exchange rate equals the current
difference between U.S. and German short-term interest rates.
• Aggregate Supply: The aggregate wage rate is determined by overlapping wage contracts. In
particular, the aggregate wage is deﬁned to be the weighted averageof current and three lagged
values of the contract wage rate. In contrast to the US_FM95 model and the US_OW98 model,
G7_TAY93follows the speciﬁcationin Taylor(1980), wherethe currentnominalcontractwage
is determined as a weighted average of expected nominal contract wages, adjusted for the
expected state of the economy over the life of the contract. This implies less persistence of
inﬂation thanin the US_FM95andthe US_OW98model. The aggregateprice levelis notset as
a constantmark-up overthe aggregatewage rate as in US_FM95 and US_OW98. Prices are set
as a mark-up over wage costs and imported input costs. This mark-up varies and prices adjust
slowly to changes in costs. Prices follow a backward-looking error-correction speciﬁcation.
Current output price inﬂation depends positively on its own lagged value, on current wage
inﬂation, and on lagged import price inﬂation, and responds negatively (with a coefﬁcient of
-0.2) to the lagged percent deviation of the actual price level from equilibrium. Import prices
adjust slowly (error-correction form) to an equilibrium level equal to a constant mark-up overa
weighted average of foreign prices converted to dollars. This partial adjustment of import and
output prices imposes somewhat more persistence to output price inﬂation than would result
from staggered nominal wages alone.
• Foreign sector: G7_TAY93 features estimated equations for demand components and wages
and prices for the other G7 countries at about the level of aggregationof the U.S. sector. Finan-
cial capital is mobile across countries.
• Shocks: Interest rate parity shock, term structure shock, durable consumption shock, non-
durable consumption shock, services consumption shock, total consumption shock, aggregate
consumption shocks for Germany and Italy, for the other countries disaggregated, nonresiden-
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ment shock, inventory investment shock, ﬁxed investment shock, inventory investment shock,
real exportshock,real import shock,contractwageshock,cost-pushshock,import price shock,
export price shock, ﬁscal policy shock, where we have adjusted the size of the ﬁscal policy
shock for the U.S. - the common ﬁscal shock - so that a unit shock represents a 1 percent of
GNP shock and a monetary policy shock where again the common Modelbasemonetary policy
shock enters the monetary policy rule for the U.S..
• Calibration/Estimation: The model is estimated with single equation methods on G7 data from
1971–1986.
• Replication: We replicated the impulse response functions for annualized quarterly inﬂation
and the output gap to a 100 basis point innovation to the federal funds rate in Figure 2 of Levin
et al. (2003).
B.4.2 G3_CW03: Coenen, Wieland (2002, 2003) G3 countries
In this model different kinds of nominal rigidities are considered in order to match inﬂation and
output dynamics in the U.S., the Euro area and Japan. Staggered contracts by Taylor (1980) explain
best inﬂation dynamics in the Euro area and Japan and staggered contracts by Fuhrer and Moore
(1995a) explain best U.S. inﬂation dynamics. The authors evaluate the role of the exchange rate for
monetary policy and ﬁnd little gain from direct policy response to exchange rates.
• AggregateDemand: Theopen-economyaggregatedemandequationrelatesoutputtothelagged
ex-ante long-term real interest rate and the trade-weighted real exchange rate and additional
lags of the output gap. The demand equation is very similar to the G7_TAY93 model without
any sectoral disaggregation. Lagged output terms are supposed to accountfor habit persistence
inconsumptionaswellasadjustmentcostsandacceleratoreffectsin investment. Thelaggedin-
terest rate allows for lags in the transmission of monetary policy. The exchange rate inﬂuences
net exports and thus enters the aggregatedemand equation. The long term nominal interest rate
is an average of expected future nominal short-term rates. The long-term real interest rate is
determined by the Fisher equation.
• Aggregate Supply: For the U.S., relative real wage staggered contracts by Fuhrer and Moore
(1995a) are used (see the US_FM95 model for a detailed exposition). For the Euro area and
Japan the nominal wage contracts by Taylor (1980) are used. Note that Taylor contracts, with
a maximum contract length exceeding two quarters, result in Phillips curves that explicitly in-
clude lagged inﬂation and lagged output gaps. Thus, the critique that with Taylor contracts
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gated.
• Foreign sector: All three countries are modeled explicitly. The Modelbase rule replaces mone-
tary policy for the U.S.. For the Euro area and Japan the original interest rules remain. Foreign
output does not affect domestic output directly, but indirectly via the exchange rate in the de-
mand equation. The bilateral exchange rates are determined by UIP conditions.
• Shocks: Contract wage shocks, demand shocks and the common monetary policy shock which
is added for the U.S..
• Calibration/Estimation: Euro area data, (ﬁxed GDP weights at PPP rates from the ECB area-
wide model database), U.S. data and Japanese data. For the U.S. and Japan OECD’s output
gap estimates are used. For the Euro area log-linear trends are used to derive potential output.
The estimation is robust to different output gap estimations. Demand block: GMM estimation
where lagged values of output, inﬂation, interest rates, and real exchange rates are used as
instruments. Supply side: simulation-based indirect inference methods. Estimation period:
U.S. 1980:1–1998:4, Euro area 1980:1–1998:4 and Japan 1980:1–1997:1.
• Replication: We replicated the impulse response functions to 0.5 percentage points demand
shocks in the United States, the Euro Area und Japan plotted in Figure 3 of Coenen, Wieland
(2003). Variables include the output gap, annual inﬂation and the short-term nominal interest
rate of the United States, the Euro Area and Japan.
B.4.3 EACZ_GEM03: IMF model of Euro Area and Czech Republic, Laxton and Pesenti
(2003)
The model is a variant of the IMF’s Global Economy Model (GEM) and consists of a small and a
large open economy. The authors study the effectiveness of Taylor rules and inﬂation-forecast-based
rulesin stabilizingvariability inoutputandinﬂation. Theycheckif policyrulesdesignedforlargeand
relatively closed economies can be adopted by small, trade-dependent countries with less developed
ﬁnancialmarketsandstrong movementsin productivityand relativeprices anddestabilizingexposure
to volatile capital ﬂows. In contrast to Laxton and Pesenti (2003) we focus on the results for the large
open economy (Euro area) rather than the small open economy (Czech Republic).
• Aggregate Demand: Inﬁnitely lived optimizing households; government spending falls exclu-
sively on nontradable goods, both ﬁnal and intermediate. Households face a transaction cost if
they take a position in the foreign bond market.
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tradable goods. It exists a distribution sector consisting of perfectly competitive ﬁrms. They
purchase tradable intermediate goods worldwide (at the producer price) and distribute them to
ﬁrms producing the ﬁnal good (at the consumer price). Perfectly competitive ﬁnal good ﬁrms
(Dixit-Stiglitz aggregator) use nontradable and tradeable goods and imports as inputs. House-
holds are monopolistic suppliers of labor and wage contracts are subject to adjustment costs.
Households own domestic ﬁrms, nonreproducable resources and the domestic capital stock.
Markets for land and capital are competitive. Capital accumulation is subject to adjustment
costs. Labor, capital and land are immobile internationally. Households trade a short-term
nominal bond, denominated in foreign currency. All ﬁrms exhibit local currency pricing, thus
exchange rate pass-through is low.
• Shocks: Risk premium shock, productivity shock, shock to the investment depreciation rate,
shock to the marginal utility of consumption, government absorption shock where the one
affecting the large foreign economy represents the common ﬁscal policy shock, shock to the
marginal disutility of labor, preference shifter. We add the common monetary policy shock to
the policy rule of the large economy.
• Calibration/Estimation: Calibratedtoﬁtmeasuresofmacro-variabilityoftheEuroarea(1970:1–
2000:4) and Czech Republic (1993:1–2001:4).
• Notes: Due to the symmetric setup of the model, we use the same policy rule in both countries.
• Replication: We replicated the standard deviations of annual inﬂation, the output gap and the
ﬁrst difference of the interest rate under the optimal Taylor rule implied by the loss function
speciﬁcation 2 of Laxton and Pesenti (2003) as listed in the second row of Table 4 in their
paper.
B.4.4 G2_SIGMA08: FRB-SIGMA by Erceg et al. (2008)
The SIGMA model is a medium-scale,open-economy,DSGE model calibratedfor the U.S. economy.
Erceget al. (2008)in particulartake accountofthe expenditurecompositionof U.S. trade andanalyse
the implications for the reactions of trade to shocks compared to standard model speciﬁcations.
• Aggregate Demand: There are two types of households: households that maximize a util-
ity function separable in consumption, with external habit formation and a preference shock,
leisure andrealmoneybalances,subjecttoanintertemporalbudgetconstraint(forward-looking
households) and the remainder that simply consume after-tax disposable income (hand-to-
mouth households). Households consume, own the ﬁrms and accumulate capital, which they
87rent to the intermediate goods producers. Erceg et al. (2008) introduce investment adjustment
costs a la Christiano et al. (2005), where it is costly for the households to change the level of
gross investment. Households also choose optimal portfolios of ﬁnancial assets, which include
domestic money balances, governmentbonds, state-contingent domestic bonds and a non-state
contingent foreign bond. It is assumed that households in the home country pay an intermedi-
ation cost when purchasing foreign bonds, which ensures the stationarity of net foreign assets.
Households rent their labor in a monopolistic market to ﬁrms, where forward-looking house-
holds settheir nominalwagein Calvo-style staggeredcontractsanalogousto the price contracts
and hand-to-mouth households simply set their wage each period equal to the average wage of
the forward-looking households.
• Aggregate Supply: Intermediate-goods producers have an identical CES production function
and rent capital and labor from competitive factor markets. They sell their goods to ﬁnal goods
producers under monopolistic competition and set prices in Calvo-style staggered contracts.
Firms, who don’t get a signal to optimize their price in the current period, mechanically ad-
just their price based on lagged aggregate inﬂation. Final good producers in the domestic and
foreign market assemble the domestic and foreign intermediate goods into a single composite
good by a CES production function of the Dixit-Stiglitz form and sell the ﬁnal good to house-
holds in their country. Erceg et al. (2008) introduce quadratic import adjustment costs into the
ﬁnal goods aggregator, which are zero in steady state. It is costly for a ﬁrm to change its share
of imports in a ﬁnal good relative to their lagged aggregate shares. Thus the import share of
consumption or investment goods is relatively unresponsive in the short-run to changes in the
relative price of imported goods even while allowing the level of imports to jump costlessly
in response to changes in overall consumption or investment demand. Government purchases
are assumed to be a constant fraction of output. Government revenue consists of income from
capital taxes(net of the depreciation write off), seignorageincome and revenuefrom lump-sum
taxes (net of transfers). The government issues bonds to ﬁnance the difference between gov-
ernment revenue and expenditure. Lump-sum taxes are adjusted both in response to deviations
of the government debt/GDP ratio from a target level and to the change in that ratio.
• Foreign sector: Local currency pricing is assumed. Intermediate goods producers price their
product separately in the home and foreign market leading to an incomplete exchange rate
pass-through. Erceg et al. (2008) point out, that empirically imports and exports in the U.S. are
heavily concentrated, with about 75 percent in capital goods and consumer durables, but the
production share of capitalgoods and consumerdurablesis very low. To accountfor this fact in
the two-country model they allow the import share in the ﬁnal good aggregator for investment
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• Shocks: Since we have no information about the variances of the shock terms, we set all shock
variances equal to zero. The government spending shock of the home country represents the
common ﬁscal policy shock. The common monetary policy shock is added for the home coun-
try.
• Calibration/Estimation: The model is calibrated at a quarterly frequency. Parameters of the
original monetary policy rule are estimated using U.S. data from 1983:1–2003:4.
• Replication: We replicated the impulse response functions for real exports, real imports and
the exchange rate to a foreign investment demand sock represented by a decline in the foreign
capital income tax rate as plotted in Figure 3 (disaggregated trade case) of Erceg et al. (2008).
B.4.5 EAUS_NAWM08: Coenen et al. (2008)
Coenen et al. (2008) use a calibrated, two-country version of the New Area-Wide Model developed
at the European Central Bank to examine the Euro Area tax structure and the potential beneﬁts and
spillovers of a tax reform (reducing labor market distortions). The real effects of ﬁscal policies are
analyzed in an environment with heterogeneous households. Countries in Coenen et al. (2008) are
symmetric but of different size where the U.S. represents the rest of the world.
• Aggregate Demand: Only a share of households have access to domestic and international ﬁ-
nancial markets, accumulates capital and holds money. The other part of households do not
have access to ﬁnancial markets and neither holds capital. They smooth consumption solely
by adjusting their money holdings. Both types of households maximize a lifetime utility func-
tion with external habit in consumption and supply differentiated labor services with monopoly
power in wage setting. Wages are determined in a la Calvo (1983) fashion. Householdsthat re-
ceive permission to re-optimize their wages choose the same wage while the other part follows
an indexation scheme, with wages being a geometric average of past changes in the price of
the consumption good. Households gross income is subject to a rich taxation structure. They
pay taxes on consumption purchases, on wage income, on rental capital income and on divi-
dend income. Furthermore, they pay social security contributions, a lump-sum tax and receive
transfers. Purchases of consumption, ﬁnancial investment in international markets and capital
utilization are subject to speciﬁc proportional costs.
• Aggregate Supply: Producers are distinguished between producing tradable and non-tradable
goods. The intermediate goods ﬁrm produces a single, tradable differentiated good using an
increasing-returns-to-scale Cobb-Douglas technology with capital services and labor as inputs.
89These goods are sold both in domestic and foreign market under monopolistic competition.
Price setting is subject to staggered price contracts a la Calvo (1983). Firms that receive per-
mission to re-optimize their prices choose the same price (be it for the domestic or for the
foreign market) while the other ﬁrms follow an indexation scheme, with prices being a geomet-
ric average of past changes in the aggregate price indexes. The ﬁnal goods ﬁrms produce three
non-tradable ﬁnal goods: private consumption goods, investment goods and public consump-
tion goods. Final non-tradable private consumption and private investment goods are modeled
in an analogous manner. These ﬁnal goods are assembled with CES technology, combining
intermediate domestic and imported foreign goods. Varying the use of imported intermediate
goods in the production process is subject to adjustment costs, therefore changes in the rela-
tive price of imported goods go unreﬂected in the short-run. These ﬁnal goods are sold taking
the price as given. On the other side, the public consumption good is a composite of only
domestically produced intermediate goods.
• The Foreign Sector: The demand for imported goods is equal to the sum of the respective
demands for intermediate goods for private consumption and investment. These intermediate
goods are sold in the home market by the foreign intermediate-good producer. The price of the
intermediate good imported from abroad is equal to the price charged by the foreign producer
(local currency pricing).
• Shocks: A governmentspending shock, a transfer shock, a productivity shock, a monetary pol-
icy shock. (Distortionary tax rates on consumption, on dividends, on rental capital income, on
labor income and payments on social security contributions are given as exogenous processes
but constant).
• Calibration/Estimation: The model is calibrated to the Smets and Wouters (2003) model, with
steady-state ratios based on observed data for the euro area and U.S., respectively.
• Replication: All impulse responses to different ﬁscal policy shocks, as appearing in Coenen
et al. (2008), have been replicated.
B.4.6 EAES_RA09: Rabanal (2009)
Rabanal (2009) uses a two-country, two-sector DSGE model of a currencyunion with nominal rigidi-
ties to study the sources of persistent inﬂation differentials between the EMU and one of its member
countries, Spain. Moreover, the paper aims at explaining the ﬁrst moments of the data by introduc-
ing time trends for the country- and sector-speciﬁc technology shock processes that can give rise to
permanent inﬂation differentials in the model.
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rable in consumption and leisure and displaying external habit formation in consumption. The
composite consumption good is deﬁned as a CES aggregate consisting of domestic tradable
and nontradable, and foreign tradable goods. Preferences are assumed to be the same across
countries, but countries differ with respect to the composition of their consumption basket.
• Aggregate Supply: Each economy is characterized by two sectors. Monopolistic intermediate
ﬁrms use labor, supplied by the households, as the only input to produce tradable and nontrad-
able goods. They set prices to maximize proﬁts subject to a set of demand equations. Price
setting follows a modiﬁed version of the Calvo framework with two indexation mechanisms in
place that account for the fact that steady state inﬂation might be non-zero. Across countries
the same production technologies are deployed but countries differ in the degree of wage and
price stickiness and in the degree of indexation.
• Foreign sector: Rabanal (2009) models two countries in the European monetary union of un-
equal size. They produce differentiated tradable goods that are imperfect substitutes of each
other, but there is no price discrimination for the same type of good across countries.
• Shocks: Ten shocks are introduced in the model: sector- and country-speciﬁc AR(1) shock
processes for the government spending and the technology shock with an Euro Area tradable
shock component, and an iid monetary policy shock.
• Calibration/Estimation: The model is estimated using Bayesian estimation techniques using
quarterly euro area data for the period 1996:Q1–2007:Q4.
B.5 Estimated Models of Other Countries
B.5.1 CL_MS07: Medina and Soto (2007)
Medina and Soto (2007) develop a small-open economy DSGE model for the Chilean economy. The
CL_MS07 is structurally similar to models developed by Christiano et al. (2005), Altig et al. (2005),
and Smets and Wouters (2007). Still, a richer speciﬁcation for the production sector and for ﬁscal
policy is designed to account for special characteristics of the Chilean economy.
• Aggregate Demand: There are two types of households, Ricardian and non-Ricardian house-
holds. The Ricardian type households maximize a utility function separable in consumption,
leisure and real money balances subject to their intertemporal budget constraint. They have
access to three types of assets, namely money and one-period non-contingent foreign and do-
mestic bonds. Each of these households is a monopolistic supplier of differentiated labour and
only a fraction of them can re-optimize their nominal wage. Rigidity a la Calvo in wage setting
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follow an updating rule considering a geometric weighted average of past CPI inﬂation and the
inﬂation target. On the other side, the non-Ricardian households do not have access to any of
the assets and own no shares in domestic ﬁrms. They simply consume the after-tax disposable
income and set their wage equal to the average wage of the Ricardian households. The aggre-
gate consumption for both types of households is a composite of a core consumption bundle
(domestic and foreign goods, given by a CES aggregator) and oil consumption.
• AggregateSupply: Theeconomyischaracterizedbythreetypesofﬁrms: intermediatetradable-
goods producers, import goods retailers and commodity good producers. Intermediate-goods
producers have monopoly power and maximize proﬁts by choosing the prices of their differ-
entiated goods subject to the corresponding demands, and the available technology with labor,
capitalandoilasinputs. Capitalis rented to themfrom arepresentativeﬁrm which accumulates
capital and assembles new capital goods subject to investment adjustment costs. Optimal price
setting of intermediate-goods producers is subject to a Calvo probability. Firms that cannot
re-optimize their price follow a rule with partial indexation to past inﬂation and the inﬂation
target. The pricing structure leads to a hybrid New Keynesian Phillips curve. A commodity
good producer is introduced in the model to match a particular relevant sector for the Chilean
economy, namely the cooper sector. This ﬁrm produces a homogeneous commodity good only
for export. The production technology follows an exogenous stochastic process that does not
require any input. The price of the homogeneouscommodity good is determined in the foreign
market.
• Foreign sector: Local currency pricing is introduced through a la Calvo price stickiness faced
by import goods retailers, which resale foreign goods in the domestic market. This allows for
incomplete exchange rate pass-through in the short-run, important for expenditure-switching
effects of the exchange rate. A CES technology is used to combine a continuum of differenti-
ated imported varieties to produce a ﬁnal foreign good, which is consumed by households and
used for assembling new capital goods.
• Shocks: a transitory productivity shock, a permanent productivity shock, a commodity pro-
duction shock, a labor supply shock, an investment adjustment cost shock, a preference shock,
a government expenditure shock, a monetary policy shock, a foreign commodity price shock,
a foreign oil price shock, a foreign output shock, a foreign interest shock, a foreign inﬂation
shock and a price of imports shock.
• Calibration/Estimation: The model is estimated using Chilean quarterly data for the period
1987:1–2005:4.
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CA_ToTEM10 represents the 2010 vintage of ToTEM (Terms-of-Trade Economic Model) which is
an open-economy,DSGE model developedby Murchison and Rennison(2006). The Bank of Canada
uses this model as a tool for policy analysis and projections for the Canadian economy.
• Aggregate Demand: Households are classiﬁed as “lifetime income” consumers and “current
income” consumers, reﬂecting the fact that not all consumers can access credit markets. Life-
time income consumers smooth their consumption across time through borrowing and saving
while “current income”consumersconsumetheir current incomeeachperiod. Lifetime income
consumers choose consumption, domestic and foreign bond holdings, labor supply and wages
to maximize a utility function non-separable in consumption and leisure subject to a dynamic
budget constraint. Both types of households supply differentiated labor services giving them
power when negotiating the wages with the domestic producers. However, renegotiation of
the wages is allowed only once in six months, on average, and only a constant proportion of
wage contracts are renewed every period. The dynamic wage equation is a function of past and
expected future wage inﬂation and an error-correction component.
• AggregateSupply: Theproductionsectoriscomprisedofﬁnalgoodproducers,animportsector
and a commodity sector. Final goods ﬁrms produce consumption goods and services, invest-
ment goods, and export goods. The production process of these goods is analogous, differing
only on the share of imported goods used in production. In this process, ﬁrst a capital-labor
composite is produced using CES technology, which is then combined with a commodity input
to produce the domestic good. Final goods then are a combination of the domestic good and
the imported good. Through these steps, the ﬁrm faces capital adjustment costs, investment
adjustment costs and labor adjustment costs. Final goods ﬁrms sell their differentiated goods
in a monopolistic competitive fashion having power over prices. However, not all ﬁrms can
re-optimize their prices every period. A share of ﬁrms updates prices according to a geometric
average of lagged core inﬂation and expectations of the inﬂation target. In ToTEM, pricing
decisions are considered as strategic complements, where ﬁrms have a strong incentive to fol-
low what other ﬁrms do. The commodity sector is represented by a domestic ﬁrm operating
in a competitive market, producing commodities using capital services, labor and land under
a CES technology. These raw goods are either sold to a continuum of imperfectly competi-
tive commodity distributors or exported (for the world price of the commodity denominated
in Canadian currency). The commodity distributors repackage the commodity goods and sell
them to households and to the ﬁnal goods producers. These distributors face nominal rigidities
a la Calvo in price setting, which limits the degree of exchange rate pass-through to consumer
93prices in the short-run.
• The Foreign Sector: The import sector is represented by ﬁrms who buy imported goods in the
world marketfor a givenworld price (law ofone price holds). Thesegoodsare sold to domestic
ﬁrms, which use them as inputs in their respective production functions. Imperfect exchange
rate pass-through in the short-run is present as the price of imports is temporarily ﬁxed in the
currency of the importing country and because import ﬁrms face nominal rigidities a la Calvo
when setting prices. As in other sectors, imported goods inﬂation is a function of past and
expected future imported goods inﬂation and an error-correction component. Export goods
ﬁrms are part of the ﬁnal good producers sector as discussed above. They have some degree of
market powerand therefore face a downward-slopeddemand curve (rest of the world demand).
• Shocks: A demand shock, a risk-premium shock, an inﬂation target shock, a commodity price
shock, a technology shock, world demand shock and a price mark-up shock.
• Calibration/Estimation: Calibrated with parametrization chosen to match univariate autocor-
relations, bivariate correlations and variances estimated using Canadian data for the period
1980–2004.
B.5.3 BRA_SAMBA08: Gouvea et al. (2008)
Gouvea et al. (2008) build and estimate a small open economy model for the Brazilian economy.
The BRA_SAMBA08 model is developed at the Central Bank of Brazil to provide support for its
policy decisions. This version of the model is used as a tool to analyze the response of the Brazilian
economy when subject to different shocks.
• AggregateDemand: Thereare two typesofhouseholds: optimizers andrule-of-thumbers. Both
maximize a similar utility function separablein consumptionand leisurebut subjectto different
budget constraints. Unlike the optimizers, the rule-of-thumb households do not have access to
credit, asset and capital markets. They just consume their wage income. The optimizers have
access to domestic and foreign currency denominated bonds, accumulate capital subject to
capital adjustment costs, earn from renting the capital and pay taxes. On the other hand, both
types of households supply labor in a competitive market.
• Aggregate Supply: The production sector is comprised of producers and assemblers. Monopo-
listic competitiveﬁrmsaretheonesproducingdifferentiatedgoodsunderaCobb-Douglastech-
nology with labor, capital services and imported goods as inputs. Following Gali and Gertler
(1999),onlyafractionofﬁrmsareallowedtoadjustpricesoptimally("forward-lookingﬁrms").
The remaining ﬁrms follow a rule of thumb. The homogeneous ﬁnal good is assembled by a
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can be used for private consumption, government consumption, investment and exports.
• The Foreign Sector: The world is assumed to be populated by a continuum of small open
economies as in Gali and Monacelli (2005), each of them producing a differentiated good in
the global market. The demand for home country’s exports is obtained from the aggregation of
the demands from foreign countries, expressed in a world currency. The domestic importing
ﬁrm takes the demand for its goods from the producers’ input choices.
• Shocks: An inﬂation target shock, a ﬁscal target shock, a preference shock, a labor supply
shock, an investment shock, a foreign investor’s risk aversion shock, a country risk premium
shock, a technology shock, a monetary policy shock, a ﬁscal policy shock, a world imports
shock, a world inﬂation shock and a world interest rate shock.
• Calibration/Estimation: Estimated with Bayesian methods, using quarterly Brazilian data for
the period 1999:Q2–2007:Q4.
B.5.4 CA_LS07: Lubik and Schorfheide (2007)
Lubik and Schorfheide (2007) estimate four small-scale open economy DSGE models with Bayesian
techniques for Canada, Australia, New Zealand and the UK. The paper studies to what extent central
banks respond to exchangerate movements when setting nominal interest rates, ﬁnding that the Bank
of Canada and the Bank of England do include the nominal exchange rate in their policy rule. The
database contains the model for Canada.
• AggregateDemand: Themodeltreatstheworldeconomyasacontinuumofsmallopeneconomies.
The representative household maximizes its utility separable between consumption and leisure
subject to its budget constraint. Consumption is a composite of tradable home and foreign
goods.
• Aggregate Supply: Differentiated goods are produced by monopolistic-competitive ﬁrms using
a linear technology with labor being the only production input. The ﬁrms set their prices in a
Calvo staggered way. The marginal costs depend positively on the terms of trade and world
output.
• The Foreign Sector: Purchasing power parity and the law of one price hold. There is perfect
exchange rate pass-through. The securities markets are assumed to be complete, and hence
international risk sharing in the form of the uncovered interest rate parity is obtained.
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shock to the world inﬂation rate are introduced in the model.
• Calibration/Estimation: The model is estimated with Bayesian methods using quarterly Cana-
dian data for the period 1983:Q1–2002:Q4.
B.5.5 HK_FPP11: Funke et al. (2011)
Funke et al. (2011) develop a small open economy DSGE model and estimate it for Hong Kong with
Bayesian techniques. The model adopts the perpetual youth approach and allows for wealth effects
from the stock market on consumption behavior.
• AggregateDemand: The economyconsistsof an indeﬁnite numberof cohorts facing a constant
probability of dying each period, which implies a constant expected effective decision horizon
of consumers. Given the lifetime uncertainty, agents’ consumption pattern is affected by their
expectedlifetime wealth (in terms of the wealth in stock market), where the stock price is mod-
eled as the discounted sum of future dividends. In this open economy the consumersare free to
allocate their consumption between domestic goods and foreign goods, and the intertemporal
allocationis characterizedbyanotherwiseconventionalEulerequationthatcapturestheimpact
of stock-price dynamics.
• Aggregate Supply: Domestic ﬁrms act under monopolistic competition and produce consump-
tiongoods. NominalfrictionsareintroducedintheformofCalvostickyprices. Non-reoptimizing
ﬁrms index their prices to previous period’s domestic producer price inﬂation.
• The Foreign Sector: The rest of the world is modeled exogenously. Foreign output affects
domestic output through international risk sharing directly, and also indirectly via the terms of
trade channel.
• Shocks: A productivity shock, a foreign demand shock, a cost push shock and a stock-price
gap shock.
• Calibration/Estimation: The model is estimated using Bayesian methods. Funke et al. (2011)
employ quarterly data on four observables for the sample 1981:Q1–2007:Q3: the real GDP of
Hong Kong, the Hang Seng index, the consumer price index of Hong Kong and US GDP. The
last series is used as a proxy for foreign demand.
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